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Specification 

Title of the Invention 

[0001] Optical System Of Optical Pick-up 
Background of the Invention 

[0002] The present invention relates to an optical 
system of an optical pick-up employed in an optical disc 
device which is used for recording/reproducing data to/from 
a plurality of types of optical discs having different 
thicknesses of cover layers. 

[0003] Various types of optical discs on which digital 
information is recorded at various densities and which have 
different thicknesses of cover layers have been widely used. 
For example, a DVD (digital versatile disc) has a recording 
density higher that that of a CD (compact disc) or a CD-R 
(CD Recordable) and has a cover layer thinner them that of 
the CD or CD-R. 

[0004] Since the CD (CD-R) and the DVD has the same disc 
size and thickness, it is desirable that a common optical 
pick-up is used for both of the CD (or the CD-R) and the 
DVD. However, in the optical system of optical pick-up, the 
amount of spherical aberration changes depending on the 
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thickness of a cover layer of the optical disc being used. 
That is, the amount of spherical aberration changes 
depending on the type of the optical disc being used. 
Accordingly, to attain an optical system of an optical 
pick-up capable of supporting both of the CD (CD-R) and the 
DVD, it is required that the spherical aberration is 
corrected for both of the CD and the DVD. 

[0005] A Japanese Provisional Publication No. 2000-81566 
discloses an optical pick-up which is configured to correct 
spherical aberration caused by a difference in thickness 
between different types of optical discs. The optical pick- 
up in this publication includes an objective lens having a 
diffracting structure on its surface so that the change of 
the amount of the spherical aberration caused by the 
difference of the thickness of the cover layer can be 
corrected by wavelength dependence of action of the 
diffracting structure. 

[0006] In general, since such an objective lens having 
the diffracting structure is difficult to fabricate, resin 
is used to form the objective lens. However, the resin has 
disadvantages in that its optical characteristic changes 
depending on temperature. That is, the objective lens 
formed of the resin has a problem that the optical 
characteristic deteriorates depending on the temperature 
variations . 
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[0007] A Japanese Provisional Publication No. HE I 11- 
337818 discloses another type of an objective lens of an 
optical pick-up. The objective lens disclosed in this 
publication is configured to correct a change of an optical 
characteristic due to temperature variations by a 
diffracting structure formed thereon as well as the change 
of the spherical aberration caused by the difference of the 
thickness of the cover layer of the optical disc. Since the 
objective lens in this publication has the above mentioned 
advantages, it has been used widespread at the present time. 
[0008] However, the objective lens in the publication 
HE I 11-337818 has a problem to be solved that a working 
distance (i.e., a distance between the objective lens and a 
surface of the disc) becomes shorter when the CD or CD-R 
having the relatively thick cover layer is used in 
comparison with a case where the DVD having the relatively 
thin cover layer is used- It is understood that the optical 
disc device using this objective lens can not be downsized 
because a working distance for the DVD becomes longer when 
a required working distance for the CD (CD-R) is maintained. 
[0009] Such a problem concerning the working distance is 
very^mportanWparticularly— in an optical disc device 
targeted for a portable device such as notebook computer 
because the portable device has a strict requirement for 
downsizing. 
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[0010] A Japanese Provisional Publication No. HE I 9- 
43510 discloses an optical system of an optical pick-up 
which is configured to solve the above mentioned problem 
concerning the working distance. The optical system 
disclosed in this publication is configured such that when 
the DVD is used, a colllmated beam enters an objective lens 
to correct spherical aberration of the entire optical 
system, and that when the CD (CD-R) is used, a diverging 
beam enters the objective lens. 

[0011] When the diverging beam is incident on the 
objective lens (when the CD is used) , the spherical 
aberration caused by the objective lens changes to an 
undercorrected direction, while the spherical aberration 
caused by the cover layer of the CD changes to an 
overcorrected direction. In this case, the spherical 
aberration caused by the objective lens and the spherical 
aberration caused by the cover layer of the CD cancel each 
other. Thus, the spherical aberration is corrected both in 
the cases of the CD and the DVD. 

[0012] When the CD is used, the working distance becomes 
longer than that in the case of the DVD because the 
diverging beam enters the objective lens when the CD is 
used. With this structure, the above mentioned problem that 
the working distance of the CD becomes too short can be 
solved. 
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[0013] Although, in the optical pick-up disclosed in the 
publication HE I 9-43510, the spherical aberration is 
corrected both in the cases of the CD and DVD, a coma 
caused by an off-axis ray becomes greater in comparison 
with a case in which a collimated beam enters the objective 
lens. The coma becomes greater particularly when the 
objective lens has an installation position error or when 
the objective lens shifts from a home position for tracking 
operation in a plane substantially perpendicular to an 
optical axis of the objective lens. In the followings, such 
a "lateral" shifting of the objective lens for the tracking 
operation and/or due to positioning errors is frequently 
expressed by the words "objective lens shift". 
[0014] If the optical pick-up in the publication HE I 9- 
43510 is used in a playback-only device, the optical pick- 
up delivers excellent performance because an numerical 
aperture (NA) on an image side (which is also expressed by 
the words "image side NA") required for the reproducing 
operation is relatively low and thereby the coma caused by 
the objective lens can be kept within an allowable level. 
However, the optical pick-up may not be adequate for the 
recording operation because the recording 'operation 
requires a high NA on the image side and has a strict 
requirement for correction of aberrations. 
[0015] A Japanese Provisional Publication No. 2000- 
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338395 discloses an optical system for the 

recording/reproducing operation. The optical system uses a 
finite object distance when the CD is used. The optical 
system has a coupling lens configured to cause no 
aberration within its central area and to cause spherical 
aberration within its peripheral area. When an objective 
lens is not laterally shifted from a home position (i.e., 
when the objective lens shift does not occur), a beam 
passed through the coupling lens within its central area 
(i.e., a beam having no aberration) is incident on the 
objective lens. When the objective lens shift occurs, a 
beam passed through the peripheral area of the coupling 
lens is incident on the objective lens. 

[0016] The spherical aberration given by the coupling 
lens when the objective lens shift occurs is used to cancel 
part of a coma caused by the objective lens and a cover 
layer of a disc. 

[0017] However, according to the optical system 
disclosed in the publication No. 2000-338395, only one side 
of the coma which is distributed symmetrically about a 
point is canceled. Therefore, an adequate correction for 
the coma can not be attained. Further, a coma of a higher 
order remains in the optical system. Furthermore, the 
coupling lens disclosed in this publication is difficult to 
fabricate and to evaluate aberrations. 
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Summary of the Invention 

[0018] The present invention Is advantageous in that it 
provides an optical system of an optical pick-up configured 
to support a plurality types of optical discs, to be 
capable of providing a sufficiently long working distance 
for an optical disc having a relatively thick cover layer, 
and to be capable of correcting aberrations sufficiently. 
[0019] According to an aspect of the invention, there is 
provided an optical system of an optical pick-up for 
recording/reproducing data to/from a plurality of types of 
optical discs including a first optical disc having a 
relatively thick cover layer and a second optical disc 
having relatively thin cover layer. The optical system 
Includes a plurality of light sources that correspond the 
plurality of types of optical discs, a first coupling lens 
that is used at least for the first optical disc, and an 
objective lens that is used for the plurality of types of 

optical discs. 

[0020] In the above structure, the first coupling lens 
is located on a light source side of the objective lens. A 
beam for the first optical disc emitted by one of the 
plurality of light sources passes through the first 
coupling lens and is incident on the objective lens as a 
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diverging beam, the diverging beam being given spherical 
aberration by the coupling lens. Further, the spherical 
aberration of the diverging beam for the first optical disc 
and spherical aberration caused by the objective lens and a 
cover layer of the first optical disc canceling each other. 
Further, when the objective lens shifts in a plane 
substantially perpendicular to an optical axis of the 
objective lens, a coma component relating to the spherical 
aberration of the diverging beam which is shifted with 
respect to the objective lens due to the shift of the 
objective lens is canceled by a coma generated by the 
objective lens and the cover layer of the first optical 
disc. 

[0021] With the above configuration of the optical 
system, the diverging beam has a laterally shifted 
spherical aberration with respect to the objective lens as 
a consequence of the objective lens shift. Since, the coma 
component included in the laterally shifted spherical 
aberration has a direction opposite to the coma generated 
by the objective lens and the cover layer of the first 
optical disc, a total amount of coma in the entire optical 
system when the objective lens shift occurs can be 
suppressed sufficiently. 

[0022] Optionally, the spherical aberration of the 
diverging beam for the first optical disc may be such that 
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an amount of wavefront delay becomes greater as a distance 
from a center axis of the coupling lens increases. 
[0023] Still optionally, a degree of divergence of the 
diverging beam for the first optical disc "incident on the 
objective lens may be largest of all of degrees of 
divergence of beams emitted by the plurality of light 
sources when each of the beams is incident on the objective 
lens . 

[0024] In a particular case, when the first optical disc 
is used, a magnification Mobli of the objective lens may 
satisfy a condition: 

-0,15 < Mobli < -0.03 (1). 
[0025] If Mobli gets lower than the lower limits of the 
condition (1), an effective diameter of the objective lens 
required to secure a desired image side NA for the 
recording/reproducing operation for the first optical disc 
becomes too large, and therefore the objective lens is 
upsized excessively. If Mobli gets larger than the upper 
limits of the condition (1), the advantage that the 
difference between the working distances of the DVD and the 
CD becomes shorter is weakened. 

[0026] Optionally, the optical system may include a 
second coupling lens that is used for the second optical 
disc, the second coupling lens being located on the light 
source side of the objective lens. 
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[0027] Alternatively, the first coupling lens may be 
used for both of the first optical disc and the second 
optical disc. 

[0028] Optionally, the beam for the first optical disc 
and a beam for the second optical disc emitted by the 
plurality of light sources may have different wavelengths, 
the first coupling lens may have a diffracting structure on 
at least one of its lens surfaces, and when the beam for 
the second optical disc passes through the first coupling 
lens, the beam for the second optical disc having no 
aberration may emerge from the first coupling lens, 
[0029] In a particular case, a beam for the second 
optical disc emerged from the second coupling lens may have 
a wavefront having a form of a substantially flat plane, 
[0030] Optionally, when the second optical disc is used, 
a magnification Mobl2 of the objective lens may satisfy a 
condition: 

-0.01 < Mobl2 < 0.01 . •■• (2) . 

[0031] When the condition (2) is satisfied, a coma and 
an astigmatism can be reduced sufficiently. 
[0032] In a particular case, a beam for the second 
optical disc emerged from the first coupling lens may have 
a wavefront having a form of a substantially flat plane. 
[0033] In a particular case, the objective lens may be 
configured not to cause a coma when a beam for a certain 
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type optical disc of the plurality of types of optical 
discs other than the first optical disc incident thereon 
inclines with respect to the optical axis of the objective 
lens . 

[0034] In a particular case, the certain type optical 
disc may require an image side numerical aperture largest 
of all of the plurality of types of optical discs. 
[0035] Optionally, the objective lens may satisfy a 
condition: 

| MOBLI | > | Mref I 

where Mobli represents a magnification of the objective 
lens when the diverging beam for the first optical disc 
having the spherical aberration given by the first coupling 
lens is incident on the objective lens, and Mref represents 
a magnification of the objective lens at which spherical 
aberration caused by the objective lens and the cover layer 
of the first optical disc takes a value closest to zero 
when a hypothetical diverging beam which is equivalent to 
the diverging beam for the first optical disc but has no 
aberration is incident on the objective lens, the 
hypothetical diverging beam having a wavelength for the 
first optical disc. Further, the spherical aberration of 
the diverging beam for the first optical disc may be such 
that an amount of wavefront delay becomes greater as a 
distance from a center axis of the coupling lens increases . 
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[0036] Still optionally, the first coupling lens may be 

configured to be a meniscus lens having a convex side 

thereof located on an optical disc side and to satisfy a 
condition: 

1.0 < (Ra+Rb)/(Ra-Rb) < 15.0 (3) 
where Ra represents a radius of curvature of a light 
source side surface of the first coupling lens, and Rb 
represents a radius of curvature of an optical disc side 
surface of the first coupling lens. Further, one of the 
light source side surface and the optical disc side surface 
of the first coupling lens may have an aspherical surface 
having a positive aspheric amount at a maximum effective 
diameter thereof. 

[0037] By using the coupling lens satisfying the 
condition (3), a coma caused by a shift of the coupling 
lens can be canceled by a coma which the objective lens 
generates when off-axis light is incident on the objective 
lens due to the shift of the coupling lens. If the 
(Ra+Rb) /(Ra-Rb) gets larger than the upper limit of the 
condition (3), although the coma caused by the coupling 
lens shift can be reduced, the astigmatism becomes larger. 
If the (Ra+Rb) /(Ra-Rb) gets lower than the lower limit of 
the condition (3), the advantage that the coma caused by 
the coupling lens shift decreases is weakened. 
[0038] Still optionally, the optical system may satisfy 
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a condition: 

0.15 < (-Rb/f) x (Mqbli/Mref) 4 < 0.55 (4) 
where Mobli represents a magnification of the objective 
lens when the diverging beam for the first optical disc 
having the spherical aberration given by the first coupling 
lens is incident on the objective lens, Mref represents a 
magnification of the objective lens at which spherical 
aberration caused by the objective lens and the cover layer 
of the first optical disc takes a value closest to zero 
when a hypothetical diverging beam which is equivalent to 
the diverging beam for the first optical disc but has no 
aberration is Incident on the objective lens, and f 
represents a focal length of the first coupling lens, the 
hypothetical diverging beam having a wavelength for the 
first optical disc. 

[0039] If the (-Rb/f) x (Mobli/Mref) 4 gets larger than the 
upper limit of the condition (4), the advantage that the 
coma caused by the coupling lens shift is weakened. If the 
(-Rb/f) x (Mobli/Mref) 4 gets lower than the lower limit of 
the condition ( 4 ) , although the coma caused by the coupling 
lens shift can be reduced, the astigmatism becomes larger. 
[0040] Still optionally, the objective lens may satisfy 
a condition: 

1.02 < Mobli/Mr BF < 1.05 (5). 
[0041] If the Mobli/Mref gets larger than the upper limit 
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of the condition (5) # the coma caused by the coupling lens 
shift can not be reduced sufficiently, and the coma caused 
when the objective lens shift occurs becomes larger. If the 
Mqbli/Mrep gets lower than the lower limit of the condition 
(5), the coma generated by the objective lens when the 
coupling lens shifts becomes too large. 

[0042] In a particular case, the first coupling lens may 
satisfy a condition: 

-1.0 < (Ra+Rb)/(Ra-Rb) < 7.0 ••• (6) 

where Ra represents a radius of curvature of a light 
source side surface of the first coupling lens, and Rb 
represents a radius of curvature of an optical disc side 
surface of the first coupling lens. Further, each of the 
light source side surface and the optical disc side surface 
of the first coupling lens may have an aspherical surface 
having a positive aspheric amount at a maximum effective 
diameter thereof . 

[0043] When the both of the surfaces of the coupling 
lens are aspherical surfaces, the coma generated by the 
coupling lens when the coupling lens shift occurs and the 
coma generated by the objective lens when off-axis light is 
incident on the objective lens due to the coupling lens 
shift cancel each other. 

[0044] If the (Ra+Rb) /(Ra-Rb) gets larger than the upper 
limit of the condition (6), although the coma caused by the 
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coupling lens shift can be reduced, the astigmatism becomes 
larger. Further, returning light (reflected light from a 
lens surface) may cause an undesired effect on the light 
sources. If the (Ra+Rb)/(Ra-Rb) gets lower than the lower 
limit of the condition ( 6 ) / the advantage that the coma 
caused by the coupling lens shift decreases is weakened or 
the coma due to a shift of a surface of the coupling lens 
becomes larger. 

[0045] Still optionally, the optical system may satisfy 
a condition: 

0.30 < (-Rb/f) x (Mobli/Mrep) 4 < 1.00 (7) 
where Mqbh represents a magnification of the objective 
lens when the diverging beam for the first optical disc 
having the spherical aberration given by the first coupling 
lens is incident on the objective lens, Mref represents a 
magnification of the objective lens at which spherical 
aberration caused by the objective lens and the cover layer 
of the first optical disc takes a value closest to zero 
when a hypothetical diverging beam which is equivalent to 
the diverging beam for the first optical disc but has no 
aberration is incident on the objective lens, and f 
represents a focal length of the first coupling lens, the 
hypothetical diverging beam having a wavelength for the 
first optical disc. 

[0046] If the (-Rb/f) x (Mqbli/Mref) 4 gets larger than the 
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upper limit of the condition (7), the advantage that the 
coma caused by the coupling lens shift is weakened or the 
coma due to a shift of a surface of the coupling lens 
becomes larger. If the (-Rb/f) x (Mobli/Mref) 4 gets lower 
than the lower limit of the condition ( 7 ) , although the 
coma caused by the coupling lens shift can be reduced, the 
astigmatism becomes larger. Further, returning light 
(reflected light from a lens surface) may cause an 
undesired effect on the light sources. 

Brief Description of the Accompanying Drawings 

[0047] Fig. 1 schematically shows an optical system of 
an optical pick-up according to a first embodiment of the 
invention ; 

[0048] Fig. 2 is a graph illustrating a wavefront 

aberration of a beam emerged from a coupling lens of for a 

first optical disc shown in Fig. 1; 

[0049] Fig. 3 is a graph illustrating spherical 

aberration generated by the coupling lens; 

[0050] Fig. 4 is a graph illustrating spherical 

aberration of an entire optical system for the first 

optical disc; 

[0051] Fig. 5 is a graph illustrating distributions of 
aberrations of a diverging beam when the diverging beam 
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having laterally shifted wavefront aberration is incident 
on an objective lens due to tracking operation; 
[0052] Fig. 6 is a graph illustrating the amounts of 
aberrations caused in the entire optical system for the 
first optical disc with respect to a shift amount of the 
objective lens; 

[0053] Fig. 7 is a graph illustrating amounts of 

aberrations cased in a comparative example of an optical 

system of an optical pick-up with respect to a shift amount 

of an objective lens in the comparative example; 

[0054] Fig. 8 schematically shows an optical system of 

an optical pick-up according to a second embodiment of the 

Invention; 

[0055] Fig. 9 is a graph illustrating the spherical 
aberration caused by a coupling lens shown in Fig. 8; 
[0056] Fig. 10 is a graph illustrating spherical 
aberration of the entire optical system for the first 
optical disc according to the second embodiment; 
[0057] Fig. 11 is a graph illustrating the amounts of 
aberrations caused in the entire optical system for the 
first optical disc with respect to the shift amount of the 
objective lens; 

[0058] Fig. 12 schematically shows an optical system of 
an optical pick-up according to a third embodiment of the 
invention; 
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[0059] Fig. 13 is a graph illustrating the spherical 
aberration caused by a coupling lens shown in Fig. 12; 
[0060] Fig. 14 is a graph illustrating spherical 
aberration of the entire optical system; 

[0061] Fig. 15 is a graph illustrating the amounts of 
aberrations caused in the entire optical system with 
respect to the shift amount of the objective lens of the 
third embodiment; 

[0062] Fig. 16 schematically shows an optical system of 
an optical pick-up according to a fourth embodiment of the 
invention; 

[0063] Fig. 17 is a graph illustrating wavefront 
aberration of a beam emerged from a coupling lens for the 
first optical disc shown in Fig. 16; 

[0064] Fig. 18 is a graph illustrating the amounts of 
aberrations caused in the entire optical system for the 
first optical disc with respect to a shift amount of the 
coupling lens of the fourth embodiment; 

[0065] Fig. 19 is a graph illustrating the spherical 
aberration generated by the coupling lens for the first 
optical disc; 

[0066] Fig. 20 is a graph illustrating the spherical 
aberration in the entire optical system for the first 
optical disc; 

[0067] Fig. 21 is a graph illustrating distributions of 
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aberrations of a diverging beam when the diverging beam 
having a laterally shifted wavef ront aberration is incident 
on the objective lens due to the tracking operation; 
[0068] Fig. 22 is a graph illustrating the amounts of 
aberrations caused in the entire optical system for the 
first optical disc with respect to a shift amount of the 
objective lens; 

[0069] Fig. 23 is a graph illustrating amounts of 

aberrations cased in a comparative example of an optical 

system of an optical pick-up with respect to a shift amount 

of an objective lens in the comparative example; 

[0070] Fig. 24 is a graph illustrating the spherical 

aberration caused by the coupling lens for the first 

optical disc according to a fifth embodiment; 

[0071] Fig. 25 is a graph illustrating the amounts of 

aberrations caused in the entire optical system for the 

first optical disc with respect to a shift amount of the 

coupling lens; 

[0072] Fig. 26 shows a graph illustrating the total 
spherical aberration in the optical system for the first 
optical disc; 

[0073] Fig. 27 is a graph illustrating the amounts of 
aberrations caused in the entire optical system for the 
first optical disc with respect to a shift amount of the 
objective lens; 



19 



04- 1 -1 9 ; 1 0 : 5 6AM I MATSUOKA & Co. 



Greenblum&Bernstei : 0423726858 



# 22/12 8 



[0074] Fig- 28 is a graph illustrating the spherical 
aberration caused by a coupling lens for the first optical 
disc according to a sixth embodiment; 

[0075] Fig. 29 is a graph illustrating the amounts of 
aberrations caused in the entire optical system for the 
first optical disc with respect to a shift amount of the 
coupling lens; 

[0076] Fig. 30 shows a graph illustrating the total 
spherical aberration in the optical system for the first 
optical disc; 

[0077] Fig. 31 is a graph illustrating the amounts of 
aberrations caused in the entire optical system for the 
first optical disc with respect to a shift amount of the 
objective lens; 

[0078] Fig. 32 schematically shows an optical system of 
an optical pick-up according to a seventh embodiment of the 
invention; 

[0079] Fig. 33 is a graph illustrating the spherical 
aberration generated by a coupling lens shown in Fig. 32; 
[0080] Fig. 34 is a graph illustrating the amounts of 
aberrations caused in the entire optical system with *** 
respect to a shift amount of the coupling lens of the 
seventh embodiment; 

[0081] Fig. 35 shows a graph illustrating the total 
spherical aberration in the optical system; 
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[0082] Fig, 36 is a graph illustrating the amounts of 
aberrations caused in the entire optical system with 
respect to a shift amount of the objective lens of the 
seventh embodiment; 

[0083] Fig. 37 schematically shows an optical system of 
an optical pick-up according to an eighth embodiment of the 
invention; 

[0084] Fig. 38 is a graph illustrating the spherical 
aberration caused by a coupling lens for the first optical 
disc shown in Fig. 37; 

[0085] Fig. 39 is a graph illustrating the amounts of 
aberrations caused in the entire optical system for the 
first optical disc with respect to a shift amount of the 
coupling lens; 

[0086] Fig. 40 shows a graph illustrating the total 
spherical aberration in the optical system for the first 
optical disc; and 

[0087] Fig. 41 is a graph illustrating the amounts of 
aberrations caused in the entire optical system for the 
first optical disc with respect to a shift amount of the 
objective lens of the eighth embodiment. 

Detailed Description of the Embodiments 

[0088] Hereinafter, embodiments according to the 
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Invention are described with reference to the accompanying 
drawings . 

[0089] Each optical system described below is used in an 
optical pick-up to record data to and/or to reproduce data 
from a plurality of types of optical discs including an 
optical disc having a relatively thick cover layer such as 
a CD or a CD-R and an optical disc having a relatively thin 
cover layer such as a DVD or a DVD-R. In this specification, 
such an optical pick-up is frequently expressed by the 
words "an optical pick-up for recording/reproducing data 
to/from a plurality of types of . optical discs". 

[0090] FIRST EMBODIMENT 

[0091] Fig. 1 schematically shows an optical system 100 
of an optical pick-up according to a first embodiment of 
the invention. As shown in Fig. 1 the optical system 100 
includes an optical system OP1 which is used to 
record/reproduce data to/from an optical disc Dl having 
relatively thick cover layer (e.g., the CD), and an optical 
system OP2 which is used to record/ reproduce data to/from 
an optical disc D2 having relatively thin cover layer (e.g., 
the DVD) . 

[0092] The optical system OP1 includes a light source 11, 
a branching optical element 17, a coupling lens 12, a beam 
splitter 15, an objective lens 16 and a photoreceptor 18. 
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The optical system OP2 Includes a light source 13, a 
branching optical element 19, a coupling lens 14, the beam 
splitter 15, the objective lens 16 and a photoreceptor 20. 
The beam splitter 15 and the objective lens 16 are used 
both in the optical systems OP1 and OP2. 
[0093] Table 1 shows a numerical structure of the 
optical system OP1 according to the first embodiment. In 
Table 1, Malli represents a magnification of the entire 
optical system OP1, and Mobli represents a magnification of 
the objective lens 16 in the optical system OP1. In the 
optical system OP1, a design NA on the image side of the 
objective lens 16 is 0.51, and a design wavelength (i.e., a 
wavelength required for the recording/reproducing of the 
optical disc Dl) is 780 run. 



[0094] TABLE 1 

M ALL1 -0.1929 

Mqbli -0.0814 

Design Wavelength 780nm 

Design NA 0.51 

Surface No. r d n_ v 

#0 8.60 

#1 104.000 1.20 1.544 55.7 

#2 -9.400 1.00 

#3 4.00 1.516 64.2 

#4 5.18 

#5(h<1.30) 1.464 1.40 1.544 55.7 

#5(h;>1.30) 1.497 1.40 1.544 55.7 

#6 -6.000 0.99 
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#7 1.20 1.585 29.9 

#8 

[0095] In Table 1, the character "Surface No." Indicates 
surface numbers that are assigned to optical surfaces in 
the optical system OP1 starting from the light source 11. 
The #0 denotes the light source 11. The #1 and #2 denote a 
front surface (a light source side) and a rear surface 12a 
(an optical disc side) of the coupling lens 12, 
respectively. The #3 and #4 denote a light source side 
surface and an objective lens side surface of the beam 
splitter 15, respectively. 

[0096] The #5 and #6 denote a front surface (a light 
source side) and a rear surface (an optical disc side) of 
the objective lens 16, respectively. The #7 and #8 denote a 
surface of the cover layer and a surface of a data 
recording layer of the optical disc Dl, respectively. 
[0097] The character "r" denotes a radius of curvature 
of each lens surface on its optical axis (unit: mm), "d" 
denotes a lens thickness- or- an interval between a optical 
component and a next optical component, "n" denotes a 
refractive index of each lens for a d-ray (588 nm) , and 
"v" denotes an Abbe number of each lens for the d-ray. 
Meanings of these characters are also applied to tables 
used to indicate numerical structures of optical systems 
according to respective embodiments described below. 
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[0098] As shown in Table 1, the front surface (#5) of 
the objective lens 16 includes an inner area formed within 
a height from the optical axis smaller than 1.30 mm and an 
outer area formed outside the inner area. The inner area 
and the outer area have different structures. The front 
surface (#1) of the coupling lens 12 is a spherical surface. 
[0099] The rear surface 12a (#2) of the coupling lens 12, 
the front surface (#5) of the objective lens 16 and the 
rear surface (#6) of the objective lens 16 are 
rotationally- symmetrical aspherical surfaces. The 
rotationally- symmetrical aspherical surface is expressed by 
a following equation: 

X(h) r =^= =r+A A h* +A 6 h* +A s h* +A iO h 10 +A l2 h 12 

l + + K)c 2 h 2 

where, X(h) represents a SAG amount which is a 
distance between a point on the aspherical surface at a 
height of h from the optical axis and a plane tangential to 
the aspherical surface at the optical axis, symbol c 
represents curvature (1/r) on the optical axis, K is a 
conical coefficient, and A 4 , A 6 , A 8 , Ai 0 and A 12 are 
aspherical coefficients of fourth, sixth, eighth, tenth and 
twelfth orders, respectively. 

[0100] In this specification, an aspheric amount is 
positive when an aspherical surface shifts on an optical 
disc side with respect to a base form. The base form of an 
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aspherical surface means a spherical surface having 
curvature which is equal to curvature r of the aspherical 
surface on the optical axis of the aspherical surface. 
[0101] The conical coefficient and the aspherical 
coefficients of the rear surface 12a (#2) of the coupling 
lens 12, the front surface (#5) of the objective lens 16 
and the rear surface (#6) of the objective lens 16 are 
indicated in Table 2. As indicate in Table 2, the 
coefficients of the inner area and the coefficients of the 
outer area of the front surface of the objective lens 16 
are determined Independently. 
[0102] TABLE 2 

Surface #2 ~ ~ #5 (h<1.30) #5 (h;>1.30) #6 

No, 



K 




0.0000 




-0. 500 




-0.500 




0.0000 


A04 


8 


.5000E-04 


-6. 


4900E-04 


1. 


1767E-02 


3. 


4870E-02 


A06 


6 


.6000E-04 


9. 


6020E-04 


-3. 


1890E-03 


-5. 


6500E-03 


A08 


0 


.O0O0E+00 


-8. 


3440E-04 


3. 


0700E-04 


-4. 


9590E-03 


A10 


0 


.O0O0E+O0 


5. 


9340E-04 


-6. 


0900E-05 


2. 


5000E-03 


A12 


0 


.OOOOE+00 


-2. 


9380E-04 


-1. 


8560E-04 


-3. 


7200E-04 



[0103] On the outer area of the front surface #5 of the 
objective lens 16, a diffracting structure (i.e., a 
diffractive lens structure) is formed. The diffracting 
structure Is defined by an optical path difference function 
<P(h): 

0(h) « (P 2 h 2 + P 4 h 4 + P 6 h 6 + . . . ) x m x X 

where P 2 , P4 and P 6 are coefficients of second, fourth 
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and sixth orders, h represents a height from the optical 
axis of a point on the diffracting structure of the 
objective lens, m represents a diffraction order, and X 
represents a working wavelength. The optical path 
difference O(h) indicates a difference of an optical path 
length of a hypothetical ray of light which does not pass 
through the diffracting structure and an optical path 
length of a ray of light which is diffracted by the 
diffracting structure, at the height h from the optical 
axis. In other words, the optical path difference <!>{h) 
represents the additional optical path length of each ray 
of light which is diffracted by the diffracting structure. 
[0104] Table 3 shows values of the coefficients of the 
optical path difference function <£(h) applied to the outer 
area of front surface (#5) of the objective lens 16. In 
this embodiment (and in the following embodiments) the 
diffraction order m is 1. 
[0105] TABLE 3 



Surface 


#5 (hal.30) 


No. 


(outer area) 


P02 


-6.2640E+00 


P04 


9.4800E+00 


P06 


-3.4100E+00 


P08 


0.0000E+00 



[0106] Table 4 shows a numerical structure of the 
optical system OP2 according to the first embodiment. In 
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Table 4, Mall2 represents a magnification of the entire 
optical system OP2, and Mqbl2 represents a magnification of 
the objective lens 16 in the optical system OP2. In the 
optical system OP2, a design NA on the image side of the 
objective lens 16 is 0.65, and a design wavelength (i.e., a 
wavelength required for the recording/reproducing of the 
optical disc D2) is 650 nm. 
[0107] TABLE 4 

Mall2 -0.1456 
MOBL2 -0.0000 

Design Wavelength 650nm 
Design NA 0.65 



Surface 


NO. 


r 


d 


n 


V 


#0 






15.28 






#1 




104.000 


1.20 


1.544 


55.7 


#2 




-9.400 


1.00 






#3 






4.00 


1.516 


64.2 


#4 






5.00 






#5(h<l. 


30) 


1.464 


1.40 


1.544 


55.7 


#5(h2:l. 


30) 


1.497 


1.40 


1.544 


55.7 


#6 




-6.000 


1.17 






#7 






0.60 


1.585 


29.9 


#8 













[0108] In Table 4, the character "Surface No." indicates 
surface numbers that are assigned to optical surfaces in 
the optical system 0P2 starting from the light source 13. 
The #0 denotes the light source 13. The #1 and #2 denote a 
front surface (a light source side) and a rear surface 14a 
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(an optical disc side) of the coupling lens 14, 
respectively. The #3 and #4 denote the light source side 
surface and the objective lens side surface of the beam 
splitter 15, respectively. 

[0109] The #4 and #5 denote the front surface (a light 
source side) and the rear surface (an optical disc side) of 
the objective lens 16, respectively- The #7 and #8 denote a 
surface of the cover layer and a surface of a data 
recording layer of the optical disc D2, respectively. The 
front surface (#1) of the coupling lens 14 is a spherical 
surface . 

[0110] The rear surface 14a (#2) of the coupling lens 14 
is an aspherical surface. The conical coefficient and the 
aspherical coefficients of the rear surface 14a (#2) of the 
coupling lens 14 are indicated in Table 5. 

[0111] TABLE 5 

Surface #2 
No. 

K 0.0000 

A04 1.0670E-04 

A06 9.5500E-07 

A08 0.0000E+00 

A10 0.0000E+00 

A12 0 .0000E+00 

[0112] The light source 11 and the light source 13 have 
oscillation frequencies equal to the design wavelengths of 
780nm and 650 nm, respectively. 
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[0113] A beam emitted by the light source 11 passes 
through the coupling lens 12 and then is incident on the 
beam splitter 15. The coupling lens 12 is configured such 
that a beam emerging from the rear surface 12a becomes a 
diverging beam having spherical aberration in which an 
amount of wavefront delay becomes greater as a distance 
from its optical axis (i.e., a center axis) increases. 
[0114] Fig. 2 is a graph illustrating a wavefront 
aberration of the beam emerged from the coupling lens 12. 
Although the wavefront of the beam emerged from the 
coupling lens 12 actually has a shape corresponding to a 
sum of a spherical wave component and an aberration 
component, in Fig. 2 only the aberration component is 
indicated for the sake of simplicity. In Fig. 2 (and in 
similar drawings showing wavefront aberration of a coupling 
lens), a vertical axis represents a pupil coordinate, and a 
horizontal axis represents the amount of the wavefront 
aberration. 

[0115] As indicated in Fig. 2 by a heavy dashed line, 
the beam emerged from the coupling lens is given the 
wavefront aberration which is distributed symmetrically 
with respect to a central axis of the beam. When the 
objective lens is situated at a home position, the beam 
within a range of pupil coordinates of ±1.0 is incident on 
the objective lens 16. 
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[0116] The beam emerged from the coupling lens 12 Is 
reflected by the beam splitter 15 and then incident on the 
objected lens 16. When the beam is incident on the 
objective lens 16 situated at the home position, the beam 
is converged by the objective lens 16 to form a beam spot 
having a suitable size on the data recording layer of the 
optical disc Dl. 

[0117] In the optical system OP2, a beam emitted by the 
light source 13 is converted to a collimated beam by the 
coupling lens 14 , and then is incident on the objective 
lens 16 after passing through the beam splitter 15. In the 
optical system OP2, the coupling lens 14 functions as a 
collimator lens. The coupling lens 14 gives no aberration 
to the beam passing therethrough. 

[0118] When the beam having no aberration is incident on 
the objective lens 16 situated at the home position, the 
beam is converged by the objective lens 16 to form a beam 
spot having a suitable size on the data recording layer of 
the optical disc D2. 

[0119] As indicated in detail below, the optical system 
OP1 is configured such that the spherical aberration caused 
by the coupling lens 12 and the spherical aberration caused 
by the objective lens 16 and the cover layer of the optical 
disc Dl cancel each other. Fig. 3 is a graph illustrating 
the spherical aberration generated by the coupling lens 12. 
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In Fig. 3 (and in the following similar drawings which 
represent spherical aberrations of coupling lenses), a 
vertical axis represents a height (unit: mm) from the 
optical axis on the rear surface 12a of the coupling lens 
12 , and a horizontal axis represents the amount of the 
spherical aberration (unit: mm) on a virtual image of the 
diverging beam. As can be seen from Fig. 3, the spherical 
aberration caused by the coupling lens 12 is in an 
overcorrected condition. 

[0120] In Fig. 3 (and in the following similar drawings 
which represent spherical aberrations of coupling lenses ) , 
although an effective diameter of the rear surface 12a of 
the coupling lens 12 is 0.90 mm, the graph is shown within 
a full range of a maximum diameter (1.80mm) of the rear 
surface 12a. 

[0121] The objective lens 16 is configured to have the 
magnification Mqbli having an absolute value greater than 
the magnification M REP which makes the spherical aberration 
on the data recording layer of the optical disc Dl closest 
to zero (i.e., minimum) when a hypothetical diverging beam 
equivalent to the diverging beam having no aberration is 
incident on the objective lens 16. In this embodiment, the 
Mref is -0.0725, and as shown in Table 1 the Mobli is -0.0814. 
Thus, by setting the absolute value of the magnification 
Mqbli greater than the absolute value of the magnification 
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Mref, the spherical aberration generated by the objective 
lens 16 and the cover layer of the optical disc Dl is set 
in an undercorrected condition, and a working distance 
which is a distance from the objective lens 16 to an image 
formed by the objective lens 16 becomes longer. 
[0122] Fig. 4 is a graph illustrating spherical 
aberration of the entire optical system OP1. As shown in 
Fig, 4, the spherical aberration caused by the coupling 
lens 12 shown in Fig. 3 is sufficiently corrected in the 
entire optical system 0P1. 

[0123] In the optical system OP2, the objective lens 16 
situated at the home position is corrected for its 
spherical aberration to form a beam spot having a suitable 
size on the data recording layer of the optical disc D2 
when the collimated beam having no aberration emerged from 
the coupling lens 14 is incident on the objective lens 16. 
[0124] Next, a configuration for correcting a coma 
caused in the optical system 100 will be explained. There 
may be a case where the collimated beam emerged from the 
coupling lens 14 is Incident on the objective lens with a 
central axis of the collimated beam being inclined with 
respect to the optical axis of the objective lens 16 due to 
Installation position errors of folding mirrors (not shown) 
provided on a optical path in the optical system OP1. For 
this reason, the objective lens 16 is configured to 
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sufficiently correct a coma caused when the collimated beam 
from the coupling lens 14 is inclined with respect to the 
optical axis of the objective lens 16. 

[0125] Similarly to the above mentioned case, there may 
be a case where the diverging beam is incident on the 
objective lens 16 with a central axis of the beam being 
inclined with respect to the optical axis of the objective 
lens 16. For this reason, the objective lens 16 is 
preferably configured to sufficiently correct a coma caused 
when the diverging beam incident on the objective lens 16 
is inclined. 

[0126] It should be noted that an allowable range for 
the inclination of the incident beam of the objective lens 
16 becomes relatively large for the case of the optical 
system OP1 in comparison with the case of the optical 
system OP2 because the image side NA required of the 
objective lens 16 for the recordation/reproduction of the 
optical disc Dl (e.g., the CD) is smaller than that for the 
recordation/reproduction of the optical disc D2 (e.g., the 
DVD). - 
[0127] Accordingly, the accuracy of aberration 
correction for the diverging beam from the coupling lens 12 
required of the objective lens 16 may be set less than the 
accuracy of aberration correction for the collimated beam 
from the coupling lens 14 required of the objective lens 16. 
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[0128] The beam reflected from the data recording layer 
of the optical disc Dl proceeds to the branching optical 
element 17 along the same optical path as the optical path 
of the beam proceeding toward the optical disc Dl from the 
light source 11. The branching optical element 17 has a 
diffracting structure which directs the beam from the 
optical disc Dl toward the photoreceptor 18. The 
photoreceptor 18 generates a electric signal according to 
the beam incident thereon to send the electric signal to a 
signal processing unit (not shown) which generates a 
reproduction signal, a focus error signal, a tracking error 
signal and the like based on the electric signal form the 
photoreceptor 18. 

[0129] The beam reflected from the data recording layer 
of the optical disc D2 proceeds to the branching optical 
element 19 along the same optical path as the optical path 
of the beam proceeding toward the optical disc D2 from the 
light source 13 . The branching optical element 19 has a 
diffracting structure which directs the beam from the 
optical disc D2~ toward- the* photoreceptor 20 which has the 
same function as that of the photoreceptor 18. 
[0130] When the objective lens 16 laterally shifts from 
the home position for the tracking operation (i.e., when 
the objective lens shift occurs), an image of the light 
source 11 formed by the coupling lens 12 viewed from the 
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objective lens 16 shifts from the optical axis of the 
objective lens 16. In this case, since the diverging beam 
from the coupling lens 12 becomes off -axis light for the 
objective lens 16, a coma is caused by the objective lens 
16 and the cover layer of the optical disc Dl. For this 
reason, the optical system 100 according to the embodiment 
is configured to correct the coma caused by the tracking 
operation of the objective lens 16, 

[0131] When the objective lens 16 shifts laterally for 
the tracking operation, the beam having a range of pupil 
coordinates of the coupling lens 12 different from the 
range of pupil coordinates of ±1.0 is incident on the 
objective lens 16. For example, when the beam having the 
range of pupil coordinates of +1.2 through -0.8 of the 
coupling lens 12 is incident on the objective lens 16 due 
to the tracking operation, the diverging beam incident on 
the objective lens 16 has distribution of wavefront 
aberration as indicated by a thin solid line (SA-shift) in 
Fig. 2. That is , when the objective lens 16 shifts 
laterally, the distribution of the wavefron aberration of 
the beam with respect to the objective lens 16 shifts 
laterally. 

[0132] Fig. 5 is a graph illustrating distributions of 
aberrations of the diverging beam when the diverging beam 
having the laterally shifted wavefront aberration is 
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incident on the objective lens 16 due to the tracking 
operation. More specifically, the graph of Fig. 5 is an 
example when the diverging beam having the range of pupil 
coordinates of +1.2 through -0.8 of the coupling lens 12 is 
incident on the objective lens 16. 

[0133] As shown in Fig. 5, the laterally shifted 
wavefront aberration can be divided into a coma component 
(shown by a chain line "CM") and a spherical aberration 
component (shown by a chain double-dashed line "SA"). In 
Fig. 5, a thick dashed line "total" represents a total of 
the aberrations, a solid line "SA-shift" is the same as 
that shown in Fig. 2. A thin dashed line W DF" is a defocus 
component which is explained later. These symbols are also 
applied to the similar drawings which show distributions of 
aberrations of the laterally shifted wavefront aberration. 
[0134] As can be seen from the graph of Fig. 2, the 
spherical aberration caused by the coupling lens 12 has 
distribution in which a wavefront delay becomes greater as 
a distance from the central axis of the beam increases. 
This means that each of the coma component and the 
spherical aberration component shown in Fig. 5 is opposite 
in direction to the coma and the spherical aberration 
caused by the objective lens 16 and the cover layer of the 
optical disc Dl. 

[0135] Accordingly, even if the objective lens 16 
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laterally shifts due to the tracking operation, the coma 
and the spherical aberration caused by the objective lens 
16 and the cover layer of the optical disc Dl can be 
canceled by the laterally shifted spherical aberration 
component of the diverging beam. 

[0136] Fig. 6 is a graph illustrating the amounts of 
aberrations caused in the entire optical system 0P1 with 
respect to a shift amount of the objective lens 16. In Fig. 
6, the total amount of the aberrations (total) , an 
astigmatism (AS3), a coma of a fifth order (CM5) and a coma 
of a third order (CM3) are indicated. These symbols are 
also applied to similar drawings which show the amounts of 
aberrations with respect to the shift amount of the 
objective lens. 

[0137] As shown in Fig. 6, the comas of low through high 
orders are effectively suppressed. Accordingly , the beam 
spot having a suitable size can be formed on the data 
recording layer of the optical disc Dl even if the 
objective lens shift occurs. 

[0138] For comparison, amounts of aberrations caused in 
a comparative example of an optical system of an optical 
pick-up with respect to a shift amount of an objective lens 
in the comparative example are shown in Fig. 7. This 
comparative example has the same configuration as the first 
embodiment except that the coupling lens 12 is corrected 
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its spherical aberration. That is, the comparative example 
is regarded as a conventional optical system of an optical 
pick-up. 

[0139] As can be seen from the comparison between Fig. 6 
and Fig. 7, the total aberration of the embodiment is 
suppressed to less than the total aberration of the 
comparative example. 

[0140] It should be noted that when the objective lens 
16 laterally shifts due to the tracking operation in the 
optical system OP2, no additional aberration is caused 
because the beam incident on the objective lens 16 is the 
collimated beam. 

[0141] As mentioned above, in a conventional optical 
system configured to have a constant magnification for a 
plurality of types of optical discs, working distances for 
the plurality of types of the optical discs become 
different from each other. For example, if the CD and the 
DVD are used in this conventional optical system, a 
difference about 0.38 mm is caused between the working 
distance for the DVD and the working distance for the CD. 
Such a relatively large difference between working 
distances for the DVD and the CD makes it difficult to 
downsize an optical disc device. 

[0142] The optical system 100 according to the 
embodiment is configured to sufficiently reduce the 
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difference between working distances for the DVD and the CD 
as explained below. 

[0143] In the optical system OP1, the magnification of 
the objective lens 16 Moblx satisfies a condition: 

-0.15 < Moblx < -0.03 ■••* (1). 

[0144] In the optical system OP2, the magnification of 
the objective lens 16 Mobl2 satisfies a condition: 

-0.01 < Mobl2 < 0.01 ••' (2). 

[0145] When the conditions (1) and (2) are satisfied , 
the difference between the working distances of the DVD and 
the CD becomes about 0.18 mm which is about half of the 
difference of the working distances of the DVD and the CD 
of the conventional optical system. 

[0146] It should be noted that, by satisfying the 
condition (1), the diverging beam can be used in the 
optical system OP1 to perform recording/reproducing 
operation for the optical disc Dl without increasing the 
size of the objective lens to be used. By satisfying the 
condition (2), the collimated beam can be used to perform 
the recording/reproducing operation for the optical disc D2 . 
[0147] As described above, according to the first 
embodiment of the invention, the aberrations are 
effectively suppressed for the plurality of types of the 
optical discs. This condition is maintained even if the 
objective lens 16 laterally shifts due to the tracking 
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operation. In addition, according to the first embodiment 
of the invention, since the difference between the working 
distances for the plurality of types of the optical discs 
is sufficiently reduced, the optical system of the 
embodiment can be mounted on a compact optical pick-up. 

[0148] SECOND EMBODIMENT 

[0149] Next, a second embodiment of the invention will 
be described. Fig. 8 schematically shows an optical system 
200 of an optical pick-up according to the second 
embodiment of the invention. In Fig. 8, to elements which 
are similar to those in Fig. 1, the same reference numbers 
are assigned, and the detailed description thereof will not 
be repeated. In the optical system 200, a coupling lens 21 
is used in place of the coupling lenses 12 and 14 of the 
first embodiment. The coupling lens 21 is placed on an 
optical path common to an optical system 0P21 for the 
optical disc Dl (e.g., the CD) and an optical system OP22 
for the optical disc D2 (e.g., the DVD). 

[0150] As shown in Fig. 8, the optical system OP21 for 
the optical disc Dl includes the light source 11, the 
branching optical element 17, the beam splitter 15, the 
coupling lens 21, the objective lens 16 and the 
photoreceptor 18. The optical system OP22 for the optical 
disc D2 includes the light source 13, the branching optical 
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element 19, the beam splitter 15, the coupling lens 21, the 

objective lens 16 and the photoreceptor 20. 

[0151) Table 6 shows a numerical structure of the 

optical system OP21 according to the second embodiment. In 

Table 6, Malli represents a magnification of the entire 

optical system OP21, and Mqbli represents a magnification of 

the objective lens 16 in the optical system OP21. 

[0152] TABLE 6 

Malli -0.2104 

Mqbli -0.0802 

Design Wavelength 780nm 

Design NA 0.51 



Surface 


No. 


r 


d 


n 


V 


#0 






3.27 






#1 






3.00 


1.516 


64.2 


#2 






4.00 






#3 




104.000 


1.20 


1.544 


55.7 


#4 




-9.400 


5.17 






#5(h<l. 


30) 


1.464 


1.40 


1.544 


55.7 


#5(h2tl. 


30) 


1.497 


1.40 


1.544 


55.7 


#6 




-6.000 


0.99 






#7 






1.20 


1.585 


29. 9 


#8 













[0153] In Table 6, #0 denotes the light source 11. The 
#1 and #2 denote a light source side surface and an 
objective lens side surface of the beam splitter 15, 
respectively. The #3 and #4 denote a front surface (a light 
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source side) and a rear surface 21a (an optical disc side) 
of the coupling lens 21, respectively. 

[0154] The #5 and #6 denote the front surface (a light 
source side) and the rear surface (an optical disc side) of 
the objective lens 16, respectively. The #7 and #8 denote 
the surface of the cover layer and the surface of the data 
recording layer of the optical disc Dl, respectively. The 
Other symbols in Table 6 have the same meanings as those 
shown in Table 1 . 

[0155] Table 7 shows a numerical structure of the 
optical system OP22 according to the second embodiment. In 
Table 7 , Mall2 represents a magnification of the entire 
optical system OP22, and Mqbl2 represents a magnification of 
the objective lens 16 in the optical system OP22. 



[0156] TABLE 7 

Mall2 -0.1456 

MoBL2 0.0000 

Design Wavelength 650nm 

Design NA 0.65 

Surface No. r d n v 

#0 9.30 

#1 3.00 1.516 64.2 

#2 , 4.00 

#3 104.000 1.20 1.544 55.7 

#4 -9.400 5.00 

#5(h<1.30) 1.464 1.40 1.544 55.7 

#5(h;>1.30) 1.497 1.40 1.544 55.7 

#6 -6.000 1.17 
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#7 0.60 1.585 29.9 

#8 : 

[0157] In Table 7, #0 denotes the light source 13. The 
#1 and #2 denote the light source side surface and the 
objective lens side surface of the beam splitter 15 , 
respectively. The #3 and #4 denote the front surface (a 
light source side) and the rear surface 21a (an optical 
disc side) of the coupling lens 21, respectively. 
[0158] The #5 and #6 denote the front surface (a light 
source side) and the rear surface (an optical disc side) of 
the objective lens 16, respectively. The #7 and #8 denote 
the surface of the cover layer and the surface of the data 
recording layer of the optical disc D2, respectively. The 
other symbols in Table 7 have the same meanings as those 
shown in Table 1 . 

[0159] The rear surface 21a (#4) of the coupling lens 21 
is an aspherical surface having a diffracting structure. 
The diffracting structure of the coupling lens 21 has the 
function of giving the spherical aberration, in which an 
amount of wavefront delay becomes greater as a distance 
from the optical axis Increases as shown in Fig. 2, to the 
beam from the light source 11. Further, the diffracting 
structure of the coupling lens 21 has the function of 
correcting the spherical aberration of the beam from the 
light source 13. The objective lens 16 in the second 
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embodiment has the same configuration as that of the first 
embodiment. The front surface (#3) of the coupling lens 21 
is a spherical surface . 

[0160] The conical coefficient and the aspherical 
coefficients of the rear surface 21a (#4) of the coupling 
lens 21 , the front surface (#5) of the objective lens 16 
and the rear surface (#6) of the objective lens 16 are 
indicated in Table 8. 



[0161] TABLE 8 



Surface 
No. 




#4 


#5 (h<1.30) 


#5 


(hssl.30) 




#6 


K 




0.0000 


-0.500 




-0.500 




0^0000 


A04 


-1. 


7100E-03 


-6.4900E-04 


1 


. 1767E-02 


3. 


4870E-02 


A06 


4. 


6700E-04 


9.6020E-04 


-3 


.1890E-03 


-5. 


6500E-03 


AO 8 


-2. 


4700E-04 


-8.3440E-04 


3 


.0700E-04 


-4. 


9590E-03 


A10 


0. 


0000E+00 


5.9340E-04 


-6 


.0900E-05 


2. 


5O0OE-03 


A12 


0. 


OOOOE+00 


-2.9380E-04 


-1 


.8560E-04 


-3. 


7200E-04 



[0162] Table 9 shows values of the coefficients of the 
optical path difference function <&(h) applied to the rear 
surface 21a (#4) of the coupling lens 21 and the outer area 
of the front surface (#5) of the objective lens 16. 

[0163] TABLE 9 

Surface #4 #5 (tel. 30) 

No. (outer area) 



0 . 0O0OE+0O -6 . 2640E+00 

1 . 5000E+00 9 . 4800E+00 

4.0000E-01 -3 . 4100E+00 

2 . 0000E-01 0 . O000E+00 



P02 
P04 
P06 
P08 
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[0164] In the optical system 0P21, the light source 11 
is located on a coupling lens 21 side with respect to a 
front focal point of the coupling lens 21. Therefore, the 
beam from the light source 11 becomes a diverging beam 
after passing through the coupling lens 21. The light 
source 13 is located at a front focal point of the coupling 
lens 21. Therefore, the beam form the light source 13 
becomes a collimated beam after passing through the 
coupling lens 21. That is, in the optical system OP22 the 
coupling lens 21 functions as a collimator lens. 
[0165] In the optical system 0P21, the diverging beam, 
which is given the spherical aberration by the coupling 
lens 21, is converged by the objective lens 16 situated at 
the home position to form a beam spot having a suitable 
size on the data recording layer of the optical disc Dl . 
[0166] In the optical system OP22, the collimated beam, 
which is given no spherical aberration by the coupling lens 
21, is converged by the objective lens 16 situated at the 
home position to form a beam spot having a suitable size on 
the data recording layer of the optical disc D2. 
[0167] As indicated in detail below, the optical system 
OP21 is configured such that the spherical aberration 
caused by the coupling lens 21 and the spherical aberration 
caused by the objective lens 16 and the cover layer of the 
optical disc Dl cancel each other. 
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[0168] Fig. 9 is a graph illustrating the spherical 
aberration caused by the coupling lens 21. As shown in Fig. 
9, an effective diameter h of the rear surface 21a of the 
coupling lens 21 is 1.06. The magnification Mobli of the 
objective lens 16 in the optical system OP21 is -0.0802 
( see Table 6 ) , and therefore the absolute value of the 
magnification Mobli is greater than the absolute value of 
the magnification M REF . With this structure, the spherical 
aberration caused by the coupling lens 21 is in the 
overcorrected condition, and the longer working distance 
can be secured for the optical disc Dl. 
[0169] Fig. 10 is a graph illustrating spherical 
aberration of the entire optical system OP21. As shown in 
Fig. 10, the spherical aberration caused by the coupling 
lens 21 shown in Fig. 9 is sufficiently corrected in the 
entire optical system OP21. 

[0170] In the optical system OP22, the objective lens 16 
situated at the home position is corrected for its 
spherical aberration to form a beam spot having a suitable 
size on the data recording layer of the optical disc D2 
when the collimated beam having no aberration emerged from 
the coupling lens 21 is incident on the objective lens 16. 
[0171] Similarly to the first embodiment, the objective 
lens 16 is configured to sufficiently correct a coma caused 
by installation position errors of optical components (not 
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shown) located on an optical path between the light source 
11 (or 13) and the objective lens 16. 

[0172] When the objective lens 16 laterally shifts from 
the home position for the tracking operation, the diverging 
beam from the coupling lens 21 becomes off-axis light for 
the objective lens 16. In this case, a coma is caused by 
the objective lens 16 and the cover layer of the optical 
disc Dl. For this reason, the optical system 200 according 
to the second embodiment is configured to correct the coma 
caused by the tracking operation of the objective lens 16 
by the same configuration as that shown in the first 
embodiment . 

[0173] That is, by utilizing each aberration component 
of the laterally shifted spherical aberration given to the 
beam from the coupling lens 21, the total aberration of the 
entire optical system OP21 is cancelled. 

[0174] Fig. 11 is a graph illustrating the amounts of 
aberrations caused in the entire optical system OP21 with 
respect to the shift amount of the objective lens 16. As 
shown in Fig. 11, the comas of low through high orders are 
effectively suppressed. Accordingly, the beam spot having a 
suitable size can be formed on the data recording layer of 
the optical disc Dl even if the objective lens shift occurs. 
[0175] As can be seen from the comparison between Fig. 
11 and Fig. 7, the total aberration of the second 
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» j 

i 1 

embodiment is lowered to about half of the total aberration 
of the conventional optical system of the optical pick-up. 
[0176] It should be noted that when the objective lens 
16 laterally shifts due to the tracking operation in the 
optical system OP2 2, no additional aberration is caused 
because the beam incident on the objective lens 16 is the 
collimated beam. 

[0177] As described above, according to the second 
embodiment of the invention, even if the objective lens 16 
laterally shifts due to the tracking operation, the 
aberrations are effectively suppressed for the plurality of 
types of the optical discs. 

[0178] In addition, in the second embodiment the 
objective lens 16 Mqbli in the optical system OP21 satisfies 
the condition (1) and the objective lens 16 Mqbl2 in the 
optical system OP22 satisfies the condition (2). Therefore, 
the difference between the working distances for the 
plurality of types of the optical discs is sufficiently 
reduced. Also, the second embodiment enables to secure a 
sufficient working distance for the optical disc having a 
relatively thick cover layer. Accordingly, the optical 
system of the second embodiment can be mounted on the 
compact optical pick-up. 

[0179] Further, according to the second embodiment, only 
a single coupling lens (21) is used, manufacturing cost and 
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man-hours for positional adjustment of optical components 
can be reduced . 

[0180] THIRD EMBODIMENT 

[0181] Next, a third embodiment of the invention will be 
described. As shown in Fig. 5, the laterally shifted 
wavefront aberration actually includes a defocus component 
as well as the coma component and the spherical aberration 
component as indicated by a thin dashed line DF in Fig. 5. 
Therefore, when the recording/reproducing operation for the 
optical disc Dl is performed under a condition in which the 
objective lens 16 is laterally shifted, an astigmatism is 
caused due to the defocus component of the wavefront 
aberration of the beam from the coupling lens 12. 
[0182] Fig. 12 schematically shows an optical system 300 
of an optical pick-up according to a third embodiment of 
the invention. In Fig. 12, to elements which are similar to 
those of the second embodiment shown in Fig. 8, the same 
reference numbers are assigned, and the detailed 
description thereof will not be repeated. The optical 
system 300 has substantially the same arrangement of 
optical components as that of the second embodiment. 
[0183] As indicated below in detail, the optical system 
300 according to the third embodiment is configured to 
reduce the astigmatism caused in an optical system OP31 
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used for the recording/reproducing operation of the optical 
disc Dl. 

[0184] As shown in Fig. 12, the optical system OP31 for 
the optical disc Dl includes the light source 11, the 
branching optical element 17, the beam splitter 15, a 
coupling lens 31, the objective lens 16 and the 
photoreceptor 18. An optical system OP32 for the optical 
disc D2 includes the light source 13, the branching optical 
element 19, the beam splitter 15, the coupling lens 31, the 
objective lens 16 and the photoreceptor 20. 
[0185] Table 10 shows a numerical structure of the 
optical system 0P31 according to the third embodiment. In 
Table 10, Malli represents a magnification of the entire 
optical system OP31, and Mobli represents a magnification of 
the objective lens 16 in the optical system OP31. 
[0186] TABLE 10 

-0.2090 
-0.0785 

780nm 
0.51 



Mobli 

Design Wavelength 
Design NA 



Surface No. 



R 



d 



n 



#0 
#1 
#2 
#3 
#4 

#5(h<l .30) 
#5(hssl.30) 



104.00 
-9.400 
1.464 
1.497 



3.36 
3.00 
4.00 
1.20 
5.18 
1.40 
1.40 



1.516 

1.544 

1.544 
1.544 



64.2 

55.7 

55.7 
55.7 



51 



04- 1—1 9 ; 1 0 ' 56AM ; MATSUOKA & Co. 



Greenblum&Bernstei : 0423726858 



# 54/12 8 



#6 -6.000 0.98 

#7 1.20 1.585 29.9 

#8 : 

[0187] In Table 10, the #3 and #4 denote a front surface 
(a light source side) and a rear surface 31a (an optical 
disc side) of the coupling lens 31, respectively. The other 
symbols in Table 10 have the same meanings as those shown 
in Table 6 of the second embodiment. 

[0188] Table 11 shows a numerical structure of the 
optical system OP32 according to the third embodiment. In 
Table 11, Mall2 represents a magnification of the entire 
optical system OP32, and Mqbl2 represents a magnification of 
the objective lens 16 in the optical system OP32. 
[0189] TABLE 11 

Mall2 -0.1456 
MoBL2 0.0000 

Design Wavelength 650nm 

Design NA 0.65 

Surface No. R d n v 

#0 9.30 

#1 3.00 1.516 64.2 

#2 4.00 

#3 104.00 1.20 1.544 55.7 

#4 -9.400 5.00 

#5(h<1.30) 1.464 1.40 1.544 55.7 

#5(h>1.30) 1.497 1.40 1.544 55.7 

#6 -6.000 1.17 

#7 0.60 1.585 29.9 
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#8 : 

[0190] In Table 11, #3 and #4 denote the front surface 
(a light source side) and the rear surface 31a (an optical 
disc side) of the coupling lens 31, respectively. The other 
symbols in Table 11 have the same meanings as those shown 
in Table 7 of the second embodiment . 

[0191] The rear surface 31a (#4) of the coupling lens 31 
is an aspherical surface having a diffracting structure. 
The objective lens 16 in the third embodiment has the same 
configuration as that of the first embodiment. The front 
surface (#3) of the coupling lens 31 is a spherical surface. 
[0192] The conical coefficient and the aspherical 
coefficients of the rear surface 31a (#4) of the coupling 
lens 31, the front surface (#5) of the objective lens 16 
and the rear surface (#6) of the objective lens 16 are 
indicated in Table 12. 
[0193] TABLE 12 

Surface #4 #5 (h<1.30) #5 (hs:1.30) ~~ #* 

No. 



K 




0.0000 




-0.500 




-0.500 




0.0000 


AO 4 


-1 


.2320E-03 


-6. 


4900E-04 


1. 


1767E-02 


3 


.4870E-02 


AO 6 


-3 


.6400E-04 


9. 


6020E-04 


-3. 


1890E-03 


-5 


.6500E-03 


AO 8 


-1 


.8900E-04 


-8. 


3440E-04 


3. 


0700E-04 


-4 


.9590E-03 


A10 


0 


.OOOOE+00 


5. 


9340E-04 


-6. 


0900E-05 


2 


.5000E-03 


A12 


0 


.OOOOE+00 


-2. 


9380E-04 


-1. 


8560E-04 


-3 


.7200E-04 



[0194] Table 13 shows values of the coefficients of the 
optical path difference function *(h) applied to the rear 
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surface 31a (#4) of the coupling lens 31 and the outer area 
of the front surface (#5) of the obj ctive lens 16. 
[0195] TABLE 13 



Surface 
No. 




#4 


#5 (hstl.30) 
(outer area) 


POO 


0 


.000OE+O0 


-6.2640E+00 


P04 


1 


.1000E+00 


9 .4800E+00 


P06 


3 


.2000E-01 


-3.4100E+00 


P08 


1 


.5000E-01 


O.O000E+00 



[0196] In the optical system OP31, the coupling lens 31 
is configured to cause the relatively small spherical 
aberration in comparison with the spherical aberration 
shown in Fig. 9 caused by the coupling lens 21. 
[0197] Fig. 13 is a graph illustrating the spherical 
aberration caused by the coupling lens 31. As shown in Fig. 
13, an effective diameter h of the rear surface 31a of the 
coupling lens 31 is 1.07. The magnification Mobli of the 
objective lens 16 in the optical system OP31 is -0.0785 
(see Table 10), and therefore the absolute value of the 
magnification Mobli is greater than the absolute value of 
the magnification M RE f. With this structure, the spherical 
aberration caused by the coupling lens 31 is in an 
overcorrected condition, and the longer working distance 
can be secured for the optical disc Dl. 
[0198] Fig. 14 is a graph illustrating spherical 
aberration of the entire optical system OP31. As shown in 
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Fig. 14, the spherical aberration caused by the coupling 
lens 31 shown in Fig. 13 is sufficiently corrected in the 
entire optical system OP31. 

[0199] Fig. 15 is a graph Illustrating the amounts of 
aberrations caused in the entire optical system OP31 with 
respect to the shift amount of the objective lens 16. As 
shown in Fig. 15, although the comas generated in the 
optical system OP31 of the third embodiment are not reduced 
to respective levels of the comas of the second embodiment, 
the comas in the optical system 31 are in an allowable 
range. Also, the astigmatism is in the allowable range. 
[0200] As can be seen from the comparison between Fig. 
15 and Fig. 7, the total aberration of the third embodiment 
is lowered to about half of the total aberration of the 
conventional optical system of the optical pick-up. 
Accordingly, the optical system 300 of the third embodiment 
has substantially the same advantages as those of the 
optical system 200 of the second embodiment. 
[0201] Further, according to the third embodiment, since 
the amount of the spherical aberration caused by the 
coupling lens 31 is lowered, tolerance on an Installation 
position error of the coupling lens increases. Furthermore, 
in the third embodiment a target amount of the coma is set 
to a practically allowable level, and is not set to a zero 
level. Therefore, the astigmatism is sufficiently reduced. 
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[0202] FOURTH EMBODIMENT 

[0203] Next, a fourth embodiment of the invention will 
he described. Fig. 16 schematically shows an optical system 
400 of an optical pick-up according to the fourth 
embodiment of the invention. In Fig. 16, to elements which 
are similar to those in Fig. 1, the same reference numbers 
are assigned, and the detailed description thereof will not 
be repeated. 

[0204] As shown in Fig. 16, the optical system 400 
includes an optical system OP41 which is used to 
record/reproduce data to/from the optical disc Dl (e.g., 
the CD), and an optical system OP42 which is used to 
record/ reproduce data to/from the optical disc D2 (e.g., 
the DVD) . 

[0205] The optical system OP41 includes the light source 
11 , the branching optical element 17, a coupling lens 412, 
the beam splitter 15, the objective lens 16 and the 
photoreceptor 18. The optical system OP42 includes the 
light source 13, the branching optical element 19, a 
coupling lens 414, the beam splitter 15, the objective lens 
16 and the photoreceptor 20. The beam splitter 15 and the 
objective lens 16 are used both in the optical systems OP41 
and OP42. 

[0206] Table 14 shows a numerical structure of the 
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optical system OP41 according to the fourth embodiment. In 
Table 14, Mf&Li represents a magnification of the entire 
optical system OP41, Mobli represents a magnification of the 
objective lens 16 in the optical system OP41, and M RE f 
represents a magnification of the objective lens 16 which 
makes the spherical aberration on the data recording layer 
of the optical disc Dl closest to zero when the 
hypothetical diverging beam equivalent to the diverging 
beam having no aberration is incident on the objective lens 
16. In the optical system OP41, a design NA on the image 
side of the objective lens 16 is 0.51, and a design 
wavelength is 780 nm. A focal length f of the coupling lens 
412 is 16.14 mm. 



[0207] TABLE 14 

Malli 

f 

Mref 
MOBLI 

Design Wavelength 
Design NA 



-0. 1929 

16.14 mm 
-0.0725 
-0.0814 
780nm 
0.51 



Surface No. 



n 



#0 
#1 
#2 
#3 
#4 

#5(h<l. 30) 
#5(hal.30) 



•4.530 
•3.250 



1.464 
1.497 



7.35 
1.20 
2.37 
4.00 
5.20 
1.40 
1.40 



1.544 

1.516 

1.544 
1.544 



55.7 

64.2 

55.7 
55.7 
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#6 -6.000 0.99 

#7 1.20 1.585 29.9 
#8 

[02081 In Table 14 , #1 and #2 denote a front surface 
412a (a light source side) and a rear surface 412b (an 
optical disc side) of the coupling lens 412. The other 
symbols in Table 14 have the same meanings as those shown 
in Table 1 . 

[0209] As shown in Table 14 , the front surface (#5) of 
the objective lens 16 includes the inner area formed within 
a height from the optical axis smaller than 1.30 mm and the 
outer area formed outside the inner area. The inner area 
and the outer area are configured to have different 
structures . 

[0210] The inner area of the front surface (#5) of the 
objective lens 16 is a continuous surface having no 
diffracting structure. The outer area of the front surface 
(#5) of the objective lens 16 has a diffracting structure. 
The front surface 412a (#1) of the coupling lens 412 is a 
spherical surface . 

[0211] The rear surface 412b (#2) of the coupling lens 

412, the front surface (#5) of the objective lens 16 and 

the rear surface (#6) of the objective lens 16 are 

ro t at ionally- symmetrical aspherlcal surfaces. 

[0212] The conical coefficient and the aspherlcal 
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coefficients of the rear surface 412b (#2) of the coupling 
lens 412, the front surface (#5) of the objective lens 16 
and the rear surface (#6) of the objective lens 16 are 
indicated in Table 15. 
[0213] TABLE 15 



Surface 
No. 




#2 ' 


#5 


(h<1.30) 


#5 


(hssl .30) 




#6 


K 




0.0000 




-0. 500 




-0.500 




0.0000 


AO 4 


1 


.6000E-03 


-6 


.4900E-04 


1 


. 1767E-02 


3. 


4870E-02 


A06 


5 


.0000E-04 


9 


.6020E-04 


-3 


.1890E-03 


-5. 


6500E-03 


AO 8 


3 


•5000E-04 


-8 


.3440E-04 


3 


.0700E-04 


-4. 


9590E-03 


A10 


0 


.O00OE+0O 


5 


.9340E-04 


-6 


.0900E-05 


2. 


5000E-03 


A12 


0 


•0000E+00 


-2 


. 9380E-04 


-1 


.8560E-04 


-3. 


7200E-04 



[0214] In the optical system OP41, the coupling lens 412 
has an aspheric amount of the rear surface 412b (#2) of 

1.08 p at a maximum effective diameter of the rear surface 
412b. 

[0215] Table 16 shows values of the coefficients of the 
optical path difference function <I>(h) applied to the outer 
area of front surface (#5) of the objective lens 16. In 
this embodiment (and in the following embodiments), the 
diffraction order m is 1 . 
[0216] TABLE 16 



Surface 


#1 (hal.30) 


No. 


(outer area) 


P02 


-6.2640E+00 


P04 


9.4800E+00 


P06 


-3.4100E+00 



59 



04- 1—19 J 1 0 : 5 6AM ; MATSUOKA &, Co. 



Greenblum&Bernstei ! 0^23726858 



# 62/12 8 



[0217] Table 17 shows a numerical structure of the 
optical system OP42 according to the fourth embodiment. In 
Table 17, Mall2 represents a magnification of the entire 
optical system OP42, and Mqbl2 represents a magnification of 
the objective lens 16 in the optical system OP42. In the 
optical system OP42, a design NA on the image side of the 
objective lens 16 is 0.65, and a design wavelength is 650 
nm. A focal length f of the coupling lens 414 is 16.00 mm. 
[0218] TABLE 17 

-0.1456 

16.00 mm 
0.0000 

650nm 
0.65 



f 

MoBL2 

Design Wavelength 
Design NA 



Surface 


No. 


r 


d 


n 


V 


#0 






13.93 






#1 




-4.530 


1.20 


1.544 


55.7 


#2 




-3.250 


1.00 






#3 






4.00 


1.516 


64.2 


#4 






5.00 






#5(h<l. 


30) 


1.464 


1.40 


1.544 


55.7 


#5(hfel. 


30) 


1.497 


1.40 


1.544 


55.7 


#6 




-6.000 


1.17 






#7 






0,60 


1.585 


29.9 


#8 












0219] 


The 


front surface 


414a (#1) 


of the 


coupling 



414 is a spherical surface. The rear surface 414b (#2) of 
the coupling lens 414 is an aspherical surface. The conical 
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coefficient and the aspherical coefficients of the rear 
surface 414b (#2) of the coupling lens 414 are indicated in 
Table 18. 



[0220] TABLE 18 

Surface #2 
No. 



K 0.0000 

A04 1.5080E-03 

A06 1.1360E-04 

A08 7.2840E-06 

A10 9.5820E-07 

A12 0.0000E+00 



[0221] Fig. 17 is a graph illustrating wavefront 



aberration of the beam emerged from the coupling lens 412. 
Although the wavefront of the beam emerged from the 
coupling lens 412 actually has a shape corresponding to a 
sum of a spherical wave component and an aberration 
component, in Fig. 17 only the aberration component is 
indicated for the sake of simplicity. 

[0222] As indicated in Fig. 17 by a heavy dashed line 
"SA", the beam emerged from the coupling lens 412 is given 
the wavefront aberration which is distributed symmetrically 
with respect to a central axis of the beam. When the 
objective lens 16 is situated at the home position, the 
beam within a range of pupil coordinates of ±1.0 is 
incident on the objective lens 16. 

[0223] The coupling lens 412 is a meniscus lens which 
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has a convex surface on the optical disk side and has 
positive power. The coupling lens 412 is configured to 

satisfy a condition: _ 

1.0 < (Ra+Rb)/(Ra-Rb) < 15.0 ••• (3) 

where Ra represents a radius of curvature of the front 
surface 412a of the coupling lens 412, and Rb represents a 
radius of curvature of the rear surface 412b of the 
coupling lens 412. 

[0224] By satisfying the condition (3), a coma caused by 
a shift of the coupling lens 412 (i.e., decentering of the 
coupling lens in a plane substantially perpendicular to the 
optical axis of the coupling lens) can be canceled by a 
coma which the objective lens 16 generates when off-axis 
light is incident on the objective lens 16 due to the shift 
of the coupling lens 412. As shown in Table 14, 
(Ra+Rb)/(Ra-Rb) of the coupling lens 412 is 6.078 in this 
embodiment, the coupling lens 412 satisfies the condition 
(3). 

[0225] In the optical system OP41, an absolute value of 
the magnification Mobli is set greater than an absolute 
value of the magnification M REF so that the spherical 
aberration generated by the objective lens 16 and the cover 
layer of the optical disc Dl is set in the undercorrected 
condition and that the relatively long working distance can 
be secured. 
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[0226] If the absolute value of the magnification Mobli 
is set excessively greater than the absolute value of the 
magnification M RE f. the spherical aberration caused by the 
objective lens 16 becomes too large. This means that the 
coma caused by the objective lens 16 when the coupling lens 
412 is shifted also becomes too large. In such a case, the 
coupling lens 412 is required to have a large radius of 
curvature in order to suppress the coma. 

[0227] For the above mentioned reason, the coupling lens 
412 and the objective lens 16 are configured to satisfy 
conditions : 

0.15 < (-Rb/f) x (Mobli/Mrbp) 4 < 0.55 (4) 
1.02 < Mobli/Mref < 1.05 (5). 
[0228] By satisfying the conditions (4) and (5), the 
coma caused by the shift of the coupling lens 412 is 
effectively suppressed even if the absolute value of the 
magnification Mobli is set greater than the absolute value 
of the magnification Mref- 

[0229] According to Table 14. in the optical system OP41, 
{(-Rb/f) x (Mobli/Mref) 4 } is 0.301. Therefore, the optical 
system 41 satisfies the conditions (4). 

[0230] Fig. 18 is a graph illustrating the amounts of 
aberrations caused in the entire optical system 0P41 with 
respect to a shift amount of the coupling lens 412. In Fig. 
18 (and in similar drawings which show the amounts of 
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aberrations with respect to the shift amount of the 
coupling lens), the total amount of the aberrations (total), 
an astigmatism (AS3), a coma of a fifth order (CMS) and a 
coma of a third order (CM3) are indicated, 
[0231] As can be seen from Fig, 18, the comas of low 
through high orders are effectively suppressed. For example, 
the comas stay within 0.10 Xxms even if the coupling lens 
412 shifts by 0.10 mm. That is, the optical system OP 41 
which satisfies the conditions (3) and (4) is able to 
correct the coma caused by the shift of the coupling lens 
412 and the shift of the objective lens 16. 

[0232] The diverging beam emerged from the coupling lens 
412 and having the spherical aberration shown in Fig. 17 is 
converged by the objective lens 16 situated at the home 
position on the data recording surface of the optical disc 
Dl. Further, the optical system OP41 is configured such 
that the spherical aberration of the diverging beam from 
the coupling lens 412 and the spherical aberration 
generated by the objective lens 16 and the cover layer of 
the optical disc Dl cancel each other. Further, the coma 
caused by the shift of the coupling lens 412 is 
sufficiently corrected. Accordingly, by the optical system 
0P41, a suitable beam spot can be formed on the data 
recording layer of the optical disc Dl. 

[0233] Fig. 19 is a graph illustrating the spherical 
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aberration generated by the coupling lens 412. As can be 
seen from Fig. 19, the spherical aberration generated by 
the coupling lens 412 Is in the overcorrected condition. 
The effective diameter of the rear surface 412b of the 
coupling lens 412 is 1.07 mm. 

[0234] Fig. 20 is a graph illustrating the spherical 
aberration in the entire optical system OP41. According to 
Table 14, Mobli/Mref - 1.11 (i.e., the Mobli is larger than 
the Mref). In this case, the spherical aberration caused by 
the objective lens 16 and the cover layer of the optical 
disc Dl is in the undercorrected condition. Therefore, as 
shown in Fig. 20, the spherical aberration caused by the 
coupling lens 412 is canceled by the spherical aberration 
caused by the objective lens 16 and the cover layer of the 
optical disc Dl. 

[0235] In the optical system OP42, a beam emitted by the 
light source 13 is converted to a collimated beam by the 
coupling lens 414, and then is incident on the objective 
lens 16 after passing through the beam splitter 15. In the 
optical system OP42, the coupling lens 414 functions as a 
collimator lens. The coupling lens 414 gives no aberration 
to the beam passing therethrough. 

[0236] When the beam having no aberration is incident on 
the objective lens 16 situated at the home position, the 
beam is converged by the objective lens 16 to form a beam 
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spot having a suitable size on the data recording layer of 
the optical disc D2. 

[0237] In the optical system OP42, the objective lens 16 
situated at the home position is corrected for its 
spherical aberration to form a beam spot having a suitable 
size on the data recording layer of the optical disc D2 
when the collimated beam having no aberration emerged from 
the coupling lens 414 is incident on the objective lens 16. 
[0238] The optical system 400 of the fourth embodiment 
is configured to suppress the coma caused by installation 
position errors of optical components such as a folding 
mirror placed on an optical path of the collimated beam 
from the coupling lens 414. Since a configuration for 
suppressing such a coma is substantially the same as that 
of the first embodiment, an explanation thereof is not 
repeated. 

[0239] Also, the optical system 400 is configured to 
suppress a coma caused when the objective lens 16 is 
laterally shifted for the tracking operation. Since a 
configuration for suppressing the coma caused by the 
objective lens shift is substantially the same as that of 
the first embodiment, an explanation thereof is not 
repeated. 

[0240] Similarly to Fig. 5 of the first embodiment. Fig. 
21 is a graph illustrating distributions of aberrations of 
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the diverging beam when the diverging beam having the 
laterally shifted wavefront aberration is incident on the 
objective lens 16 due to the tracking operation. More 
specifically, the graph of Fig. 21 is an example when the 
range of pupil coordinates of + 1.2 through -0.8 of the 
coupling lens 412 is incident on the objective lens 16. 
[0241] Similarly to Fig. 6 of the first embodiment. Fig. 
22 is a graph illustrating the amounts of aberrations 
caused in the entire optical system 0P41 with respect to a 
shift amount of the objective lens 16. Similarly to Fig. 7 
of the first embodiment. Fig. 23 is a graph illustrating 
amounts of aberrations cased in a comparative example of an 
optical system of an optical pick-up with respect to a 
shift amount of an objective lens in the comparative 
example . 

[0242] As can be seen from the comparison between Fig. 
22 and Fig. 23, the total aberration of the embodiment is 
suppressed less than the total aberration of the 
conventional optical system of the optical pick-up. 
[0243] It should be noted that when the objective lens 
16 laterally shifts due to the tracking operation in the 
optical system OP42, no additional aberration is caused 
because the beam incident on the objective lens 16 is the 
collimated beam. 

[0244] Furthermore, similarly to the first embodiment. 
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in the optical system OP41 the magnification Mobli of the 
objective lens 16 satisfies the above mentioned condition 
(1): 

-0.15 < Mobli < -0.03 •••(!), 
and in the optical system OP42 the magnification of the 
objective lens 16 Mobl2 satisfies the above mentioned 
condition: 

-0.01 < Mobl2 < 0.01 ■ • ' (2) . 
[0245] When the conditions (1) and (2) are satisfied, 
the difference between the working distances of the DVD and 
the CD becomes about 0.18 mm which is about half of the 
difference of the working distances of the DVD and the CD 
of the conventional optical system. That is, a sufficient 
working distance is secured for the optical disc having a 
relatively thick coyer layer as wellas the optical disc 
having a relatively thin cover layer. 

[0246] As described above, according to the fourth 
embodiment of the invention, the aberrations are 
effectively suppressed for the plurality of types of he 
optical discs. This condition is maintained even if the 
objective lens 16 laterally shifts due to the tracking 
operation and/or even if the coupling lens laterally shifts . 
In addition, according to the fourth embodiment of the 
invention, since the difference between the working 
distances for the plurality of types of the optical discs 
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is sufficiently reduced, the optical system of the 
embodiment can be mounted on a compact optical pick-up. 

[0247] FIFTH EMBODIMENT 

[0248] Next, a fifth embodiment of the invention will be 
described. Since an arrangement of optical components of an 
optical system of the fifth embodiment is substantially the 
same as that of the fourth embodiment, the optical system 
of this embodiment is explained with reference to the 
arrangement (i.e., reference numbers) shown in Fig. 16 and 
hereafter only a numeral structure of the fifth embodiment 
will be explained in detail. 

[0249] Tables 19 and 20 show numerical structures of the 

optical system OP41 and the optical system OP42 according 

to the fifth embodiment, respectively. Symbols in Tables 19 

and 20 have the same meanings as those shown in Tables 14 

and 17, respectively. 

[0250] TABLE 19 

M ALL1 -0.1929 

f 16 . 12 mm 

Mref -0.0725 

Mobli -0.0749 

Design Wavelength 780nm 

Design NA 0.51 

Surface No. r d n v 

#0 8.79 
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#1 

#2 
#3 
#4 

#5(h<1.30) 
#5(h*1.30) 

#6 

#7 

#8 



■21.120 
-6.260 



1.464 
1.497 
-6.000 



1.20 
0.55 
4.00 
5.20 
1.40 
1.40 
0.98 
1.20 



1.544 

1.516 

1.544 
1.544 

1.585 



55.7 

64.2 

55.7 
55.7 

29.9 



[0251] TABLE 20 

MaLL2 

f 

MoBL2 

Design Wavelength 
Design NA 



-0.1456 
16.00 mm 
0.0000 

650 nm 
0.65 



Surface 


No. 


r 


d 


n 


V 


#0 






14.92 






#1 




-21.120 


1.20 


1.544 


55.7 


#2 




-6.260 


1.00 






#3 






4.00 


1.516 


64.2 


#4 






5.00 






#5(h<l. 


30) 


1.464 


1.40 


1.544 


55.7 


#5(hal. 


30) 


1.497 


1.40 


1.544 


55.7 


#6 




-6.000 


1.17 






#7 






0.60 


1.585 


29.9 


#8 













[0252] The-rear- surf ace 412b of the coupling lens 412 
and the rear surface 414b of the coupling lens 414 are 
aspherical surfaces. The conical coefficient and the 
aspherical coefficients of the rear surface 412b of the 
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coupling lens 412 and the rear surface 414b of the coupling 
lens 414 are indicated in Tables 21 and 22, respectively. 



[0253] 


TABLE 21 


Surface 


#2 


No. 




K 


0.0000 


A04 


3.0000E-04 


A06 


1.2000E-05 


A08 


8.2400E-06 


A10 


O.0000E+O0 


A12 


0.0000E+00 


[0254] 


TABLE 22 


Surface 


#2 


No. 




K 


0.0000 


A04 


2.1650E-04 


A06 


4.3700E-06 


A08 


8.6000E-08 


A10 


0.O0OOE+O0 


A12 


0.00OOE+O0 



[0255] In the optical system OP41, the coupling lens 412 
has an aspheric amount of the rear surface 412b (#2) of 
1.93 [ua at a maximum effective diameter of the rear surface 
412b. 

[0256] The objective lens 16 of the fifth embodiment has 
the same configuration as that of the fourth embodiment, 
and therefore an explanation thereof is not repeated. 
[0257] The optical system OP41 of the fifth embodiment 
is configured such that the spherical aberration given by 
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the coupling lens 412 to the diverging beam Incident on the 
objective lens 16 and the spherical aberration caused by 
the objective lens 16 and the cover layer of the optical 
disc Dl cancel each other. Fig. 24 is a graph illustrating 
the spherical aberration caused by the coupling lens 412. 
[0258] According to values of the numerical structure of 
the coupling lens 412 shown in Table 19, (Ra+Rb) / (Ra-Rb) = 
1.843, (-Rb/f) x (Mqbli/Mrbf) 4 = 0.441, and Mqbli/Mref = 1.03. 
Therefore, the optical system 400 of the fifth embodiment 
satisfies the conditions (3) -(5). 

[0259] Fig. 25 is a graph illustrating the amounts of 
aberrations caused in the entire optical system OP41 with 
respect to a shift amount of the coupling lens 412. As can 
be seen from Fig. 25, the comas of low through high orders 
are effectively suppressed. For example, the comas stay 
within 0.06 Xrms even if the coupling lens 412 shifts by 
0.10 mm. That is, the optical system OP 41 which satisfies 
the conditions (3), (4) and (5) is able to correct the coma 
caused by the coupling lens 412 and the objective lens 16 
when the coupling lens- 412 is shifted. 

[0260] By satisfying the condition (5), the spherical 
aberration caused by the objective lens 16 and the cover 
layer of the optical disc Dl is set in the undercorrected 
direction. Fig. 26 shows a graph illustrating the total 
spherical aberration in the optical system OP41. Since as 
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described above the coupling lens 412 causes the spherical 
aberration shown in Fig. 24, the total spherical aberration 
in the optical system OP41 can be reduced sufficiently as 
shown in Fig. 26 . 

[0261] Since, according to numerical data shown in 
Tables 19 and 20, the optical system 400 of the fifth 
embodiment satisfies the conditions (1) and (2) as well as 
the condition (5), the difference between the working 
distances of the DVD and the CD can be lowered sufficiently. 
A sufficient working distance is secured for the optical 
disc having a relatively thick cover layer as well as the 
optical disc having a relatively thin cover layer. 
[0262] The optical system 400 of the fifth embodiment is 
configured to suppress a coma caused when the objective 
lens 16 is laterally shifted for the tracking operation. 
Since a configuration for suppressing the coma caused by 
the lateral shift of the objective lens 16 is substantially 
the same as that of the first embodiment, an explanation 
thereof is not repeated. 

[0263] Similarly to Fig. 22 of the fourth embodiment, 
Fig. 27 is a graph illustrating the amounts of aberrations 
caused in the entire optical system 0P41 with respect to a 
shift amount of the objective lens 16. As can be seen from 
the comparison between Fig. 27 and Fig. 23, the total 
aberration of the fifth embodiment is suppressed to less 
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than the total aberration of the conventional optical 
system of the optical pick-up. In Fig. 27, the coma is 
suppressed to less than 0.08 Xrms when the shift amount of 
the objective lens 16 is 0.4 mm. That is, the coma caused 
in the optical system 400 of the fifth embodiment is 
lowered by about 20% relative to the coma of the 
conventional optical system of the optical pick-up. 
[0264] It should be noted that when the objective lens 
16 laterally shifts due to the tracking operation in the 
optical system OP42, no additional aberration is caused 
because the beam incident on the objective lens 16 is the 
collimated beam. 

[0265] SIXTH EMBODIMENT 

[0266] Next, a sixth embodiment of the invention will be 
described. Since an arrangement of optical components of an 
optical system of the sixth embodiment is substantially the 
same as that of the fourth embodiment, the optical system 
of this embodiment is explained with reference to the 
arrangement (i.e., reference numbers) shown in Fig. 16 and 
hereafter only a numeral structure of the sixth embodiment 
will be explained in detail. 

[0267] Tables 23 and 24 show numerical structures of the 
optical system OP41 and the optical system OP42 according 
to the sixth embodiment, respectively. 
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[0268] TABLE 23 

Mm.li -0.1929 

f 16.09 mm 

Mre F -0.0725 

Mobli -0.0749 

Design Wavelength 780nm 

Design NA 0.51 

Surface No. r d n y 

#0 7.39 

#1 -3.420 1.20 1.544 55.7 

#2 -2.750 2.26 

#3 4.00 1.516 64.2 

#4 5.20 
#5(h<1.30) 1.464 1.40 1.544 55.7 

#5(h&1.30) 1.497 1.40 1.544 55.7 

#6 -6.000 0.98 

#7 1.20 1.585 29.9 
#8 _- 

[0269] TABLE 24 
MALL2 -0.1462 
f 15.94 mm 

MoBL2 0.0000 

Design Wavelength 650 nm 

Design NA 0.65 

Surface No. r d n y 

#0 13.50 

#1 -3.420 1.20 1.544 55.7 

#2 -2.750 1.00 

#3 4.00 1.516 64.2 
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#4 

#5(h<1.30) 1.464 
#5(h:>1.30) 1.497 

#6 -6.000 

#7 

#8 



5.00 

1.40 1.544 55.7 

1.40 1.544 55.7 

1.17 

0.60 1.585 29.9 



[0270] The rear surface 412b (#2) of the coupling lens 
412 and the rear surface 414b of the coupling lens 414 are 
aspherlcal surfaces. The conical coefficient and the 
aspherical coefficients of the rear surface 412b of the 
coupling lens 412 and the rear surface 414b of the coupling 
lens 414 are indicated in Tables 25 and 26, respectively. 



[0271] 


TABLE 25 


Surface 


#2 


No. 




K 


0.0000 


AO 4 


1.7000E-03 


A06 


2.2000E-04 


A08 


3.5000E-05 


A10 


0.0000E+00 


A12 


0.0000E+00 


[0272] 


TABLE 26 


Surface 


#2 


No. 




K 


0.0000 


AO 4 


2.3960E-03 


AO 6 


2.5710E-04 


AO 8 


1.9130E-05 


A10 


5.2410E-06 


A12 


0.0000E+00 
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[0273] In the optical system OP41, the coupling lens 412 
has an aspheric amount of the rear surface 412b (#2) of 
1.16 i*m at a maximum effective diameter of the rear surface 
412b. 

[0274] The objective lens 16 of the sixth embodiment has 
the same configuration as that of the fourth embodiment, 
and therefore an explanation thereof is not repeated. 
[0275] The optical system OP41 of the sixth embodiment 
is configured such that the spherical aberration given by 
the coupling lens 412 to the diverging beam incident on the 
objective lens 16 and the spherical aberration generated by 
the objective lens 16 and the cover layer of the optical 
disc Dl cancel each other. Fig. 28 is a graph illustrating 
the spherical aberration caused by the coupling lens 412 of 
the sixth embodiment. * 

[0276] According to values of the numerical structure of 
the coupling lens 412 shown in Table 23 , (Ra+Rb) / (Ra-Rb) = 
9.209, (-Rb/f) x (Mobli/Mrep) 4 - 0.194, and Mobli/M RE f = 1-03. 
Therefore, the optical system 400 of the sixth embodiment 
satisfies the conditions (3) -(5). 

[0277] Fig. 29 is a graph illustrating the amounts of 
aberrations caused in the entire optical system 0P41 with 
respect to a shift amount of the coupling lens 412. As can 
be seen from Fig. 29, the comas of low through high orders 
are effectively suppressed. For example, the comas stay 
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within 0.04 Xrms even if the coupling lens 412 shifts by 
0.10 mm. That is, the optical system OP 41 which satisfies 
the conditions (3), (4) and (5) is able to correct the coma 
generated by the coupling lens 412 and the objective lens 
16 when the coupling lens 412 is shifted. 
[0278] By satisfying the condition (5), the spherical 
aberration caused by the objective lens 16 and the cover 
layer of the optical disc Dl is set in the undercorrected 
direction. Fig. 30 shows a graph illustrating the total 
spherical aberration in the optical system OP41. Since as 
described above the coupling lens 412 generates the 
spherical aberration shown in Fig. 28, the total spherical 
aberration in the optical system OP41 can be reduced 
sufficiently as shown in Fig. 30. 

[0279] Since, according to numerical data shown in 
Tables 23 and 24, the optical system 400 of the sixth 
embodiment satisfies the conditions (1) and (2) as well as 
the condition ( 5 ) , the difference between the working 
distances of the DVD and the CD can be lowered sufficiently. 
A sufficient working distance is secured for the optical 
disc having a relatively thick cover layer as well as the 
optical disc having a relatively thin cover layer. 
[0280] The optical system 400 of the sixth embodiment is 
configured to suppress a coma caused when the objective 
lens 16 is laterally shifted for the tracking operation. 
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Since a configuration for suppressing the coma caused by 
the lateral shift of the objective lens 16 is substantially 
the same as that of the first embodiment, an explanation 
thereof is not repeated. 

[0281] Similarly to Fig. 22 of the fourth embodiment. 
Fig. 31 is a graph illustrating the amounts of aberrations 
caused in the entire optical system OP41 with respect to a 
shift amount of the objective lens 16. As can be seen from 
the comparison between Fig. 31 and Fig. 23, the total 
aberration of the sixth embodiment is suppressed to less 
than the total aberration of the conventional optical 
system of the optical pick-up. In Fig. 31, the coma is 
suppressed to less than 0.08 Xrms when the shift amount of 
the objective lens 16 is 0.4 mm. That is, the coma caused 
in the optical system 400 of the sixth embodiment is 
lowered by about 20% relative to the coma of the 
conventional optical system of the optical pick-up. 
[0282] It should be noted that when the objective lens 
16 laterally shifts due to the tracking operation in the 
optical system OP42, no additional aberration is caused 
because the beam incident on the objective lens 16 is the 
collimated beam. 

[0283] SEVENTH EMBODIMENT 

[0284] Next, a seventh embodiment of the invention will 
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be described. Fig. 32 schematically shows an optical system 
700 of an optical pick-up according to the seventh 
embodiment of the invention. In Fig. 32, to elements which 
are similar to those of the fourth embodiment shown in Fig. 
16, the same reference numbers are assigned, and the 
detailed description thereof will not be repeated. 
[0285] In the optical system 700, a coupling lens 721 
common to both of optical paths from the light source 11 
and from the light source 13 is used in place of the 
coupling lens lenses 412 and 414 in the optical system 400 
of the fourth embodiment. 

[0286] Tables 27 and 28 show numerical structures of the 
optical system OP71 and the optical system OP72 according 
to the seventh embodiment , respectively. 
[0287] TABLE 27 

-0.1929 

16 . 12 mm 
-0.0725 
-0.0749 
780nm 
0.51 



f 

Mref 

MoBLl 

Design Wavelength 
Design NA 



Surface No, 



#0 
#1 
#2 
#3 
#4 



6.660 
4.000 



4.02 
4.00 
1.50 
1.20 
9.10 



1.516 



1.544 



64.2 



55.7 
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#5(h<1.30) 
#5(h&1.30) 

#6 

#7 

#8 



1.464 
1 .497 
-6 .000 



1.40 
1.40 
0.98 
1.20 



1.544 
1.544 

1.585 



55.7 
55.7 

29.9 



[0288] In Table 27, #0 denotes the light source 11. The 
#1 and #2 denote a light source side surface and an 
objective lens side surface of the beam splitter 15. 
respectively. The #3 and #4 denote a front surface (a light 
source side) and a rear surface 721a (an optical disc side) 
of the coupling lens 721, respectively. The #5 and #6 
denote the front surface (a light source side) and the rear 
surface (an optical disc side) of the objective lens 16, 
respectively. The #7 and #8 denote the surface of the cover 
layer and the surface of the data recording layer of the 
optical disc Dl, respectively. 
[0289] TABLE 28 

-0.1457 
15.99 mm 
0.0000 

650 urn 
0.65 



f 

MoBL2 

Design Wavelength 
Design NA 



Surface No. 



n 



#0 
#1 
#2 
#3 
#4 

#5(h<1.30) 



•6.660 
•4.000 
1 .464 



10.16 
4.00 
1.50 
1.20 
8.90 
1.40 



1.516 



1.544 



1.544 



64.2 



55.7 



55.7 
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#5(ha=1.30) 1-497 1.40 1.544 55.7 

#6 -6.000 1.17 

#7 0.60 1.585 29.9 

#8 : 

[0290] In Table 28, #0 denotes the light source 13. The 
#1 and #2 denote the light source side surface and the 
objective lens side surface of the beam splitter 15, 
respectively. The #3 and #4 denote the front surface (a 
light source side) and the rear surface 721a (an optical 
disc side) of the coupling lens 721, respectively. The #5 
and #6 denote the front surface (a light source side) and 
the rear surface (an optical disc side) of the objective 
lens 16, respectively. The #7 and #8 denote the surface of 
the cover layer and the surface of the data recording layer 
of the optical disc D2 , respectively. 

[0291] The front surface (#3) of the coupling lens 712 
is a spherical surface. The rear surface 721a (#4) of the 
coupling lens 721 is an aspherical surface having a 
diffracting structure. The diffracting structure of the 
coupling lens 721 has the function of giving the spherical 
aberration, in which an amount of wavefront delay becomes 
greater as a distance from the optical axis increases as 
shown in Fig. 17, to the beam from the light source 11. 
Further, the diffracting structure of the coupling lens 721 
has the function of correcting the spherical aberration of 
the beam from the light source 13. 

[0292] The conical coefficient and the aspherical 
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coefficients of the rear surface 721a (#4) of th coupling 
lens 721 are Indicated in Table 29. 

[0293] TABLE 29 

Surface #4 
No. 



K 0.0000 

A04 1.8700E-03 

A06 7.9100E-05 

A08 3.7700E-06 

A10 0.0000E+00 

A12 O.00O0E+OO 



[0294] In the optical system OP71, the coupling lens 721 
has an aspherlc amount of the rear surface 721a (#4) of 
1.40 nm at a maximum effective diameter of the rear surface 
721a. 

[0295] Table 30 shows values of the coefficients of the 
optical path difference function <&(h) applied to the rear 
surface 721a (#4) of the coupling lens 721. 
[0296] TABLE 30 



Surface 




#4 


No. 






P02 


. 0. 


0000E+00 


P04 


-8. 


6000E-01 


P06 


-2. 


6000E-02 



[0297] In the optical system 700, the light source 11 is 
located on a coupling lens 721 side with respect to a front 
focal point of the coupling lens 721. Therefore, the beam 
from the light source 11 becomes a diverging beam after 
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passing through the coupling lens 721. The light source 13 
is located at a front focal point of the coupling lens 721. 
Therefore, the beam form the light source 13 becomes a 
collimated beam after passing through the coupling lens 721. 
That is, in the optical system OP72 the coupling lens 721 
functions as a collimator lens. 

[0298] In the optical system OP71, the diverging beam, 
which is given the aberration by the coupling lens 721, is 
converged by the objective lens 16 situated at the home 
position to form a beam spot having a suitable size on the 
data recording layer of the optical disc Dl. The aberration 
given to the diverging beam is substantially the same as 
the wavefront aberration shown in Fig 17. That is, the 
optical system OP71 is configured such that the spherical 
aberration generated by the coupling lens 721 and the 
spherical aberration generated by the objective lens 16 and 
the cover layer of the optical disc Dl cancel each other. 
[0299] In the optical system OP72, the collimated beam, 
which is given no spherical aberration by the coupling lens 
721, is converged by the objective lens 16 situated at the 
home position to form a beam spot having a suitable size on 
the data recording layer of the optical disc D2. The 
collimated beam collimated by the coupling lens 721 is 
corrected for its spherical aberration by the diffracting 
structure on the rear surface 721a. 
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[0300] Fig. 33 is a graph illustrating the spherical 
aberration generated by the coupling lens 721. As shown in 
Fig. 33, an effective diameter h of the rear surface 721a 
of the coupling lens 721 is 1.19. 

[0301] According to values of the numerical structure of 
the coupling lens 721 shown in Table 27, (Ra+Rb)/(Ra-Rb) = 

4.008, (-Rb/f) x (Mobli/Mref) 4 = 0.282, and Mobli/Mref =1.03. 
Therefore, the optical system 700 of the seventh embodiment 
satisfies the conditions (3) -(5). 

[0302] Fig. 34 is a graph illustrating the amounts of 
aberrations caused in the entire optical system OP71 with 
respect to a shift amount of the coupling lens 721. As can 
be seen from Fig. 34, the comas of low through high orders 
are effectively suppressed. For example, the comas stay 
within 0.06 Arms even if the coupling lens 721 shifts by 
0.10 mm. That is, the optical system OP71 which satisfies 
the conditions (3), (4) and (5) is able to correct the coma 
caused by the coupling lens 721 and the objective lens 16 
when the coupling lens 721 is shifted. 

[0303] By satisfying the condition (5), the spherical 
aberration caused by the objective lens 16 and the cover 
layer of the optical disc Dl is set in the undercorrected 
direction. Fig. 35 shows a graph illustrating the total 
spherical aberration in the optical system OP71. Since as 
described above the coupling lens 721 generates the 
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spherical aberration shown in Fig. 33 , the total spherical 
aberration in the optical system OP71 can be reduced 
sufficiently as shown in Fig. 35. 

[0304] Since , by numerical data shown in Tables 27 and 
28 , the optical system 700 of the seventh embodiment 
satisfies the conditions (1) and (2) as well as the 
condition (5), the difference between the working distances 
of the DVD and the CD can be lowered sufficiently. A 
sufficient working distance is secured for the optical disc 
having a relatively thick cover layer as well as the 
optical disc having a relatively thin cover layer. 
[0305] The optical system 700 of the seventh embodiment 
is configured to suppress a coma caused when the objective 
lens 16 is laterally shifted for the tracking operation. 
Since a configuration for suppressing the coma caused by 
the lateral shift of the objective lens 16 is substantially 
the same as that of the first embodiment, an explanation 
thereof is not repeated. 

[0306] Similarly to Fig. 22 of the fourth embodiment. 
Fig. 36 is a graph illustrating the amounts of aberrations 
caused in the entire optical system 0P71 with respect to a 
shift amount of the objective lens 16. As can be seen from 
the comparison between Fig. 36 and Fig. 23 , the total 
aberration of the seventh embodiment is suppressed to less 
than the total aberration of the conventional optical 
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system of the optical pick-up- In Fig. 36 , the coma is less 
than 0.08 Xrms when the shift amount of the objective lens 
16 is 0.4 mm. That is, the coma caused in the optical 
system 700 of the seventh embodiment is lowered by about 
20% relative to the coma of the conventional optical system 
of the optical pick-up. 

[0307] Since the coupling lens 721 is common to both of 
the optical system OP71 and the optical system OP72, 
manufacturing cost and a size of the optical system can be 
reduced to be used for a compact optical pick-up. 

[0308] EIGHTH EMBODIMENT 

[0309] Next, an eighth embodiment of the invention will 
be described. Fig. 37 schematically shows an optical system 
800 of an optical pick-up according to the eighth 
embodiment of the invention. In Fig. 37, to elements which 
are similar to those in Fig. 1, the same reference numbers 
are assigned, and the detailed description thereof will not 
be repeated. 

[0310] As shown in Fig. 37, the optical system 800 
includes an optical system OP81 which is used to 
record/reproduce data to /from the optical disc Dl (e.g., 
the CD), and an optical system OP82 which is used to 
record/reproduce data to/from the optical disc D2 (e.g., 
the DVD) . 
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[0311] The optical system OP81 includes the light source 
11, the branching optical element 17 , a coupling lens 812, 
the beam splitter 15, the objective lens 16 and the 
photoreceptor 18. The optical system OP82 includes the 
light source 13, the branching optical element 19, a 
coupling lens 814, the beam splitter 15, the objective lens 
16 and the photoreceptor 20. The beam splitter 15 and the 
objective lens 16 are used both in the optical systems OP81 
and OP82. 

[0312] Table 31 shows a numerical structure of the 
optical system OP81 according to the eighth embodiment. In 
Table 31, Malli represents a magnification of the entire 
optical system OP81, Mobli represents a magnification of the 
objective lens 16 in the optical system OP81, and M RE p 
represents a magnification of the objective lens 16 which 
makes the spherical aberration on the data recording layer 
of the optical disc Dl closest to zero when the 
hypothetical diverging beam equivalent to the diverging 
beam having no aberration is incident on the objective lens 
16. In the optical system 0P81, a design NA on the image 
side of the objective lens 16 is 0.51, and a design 
wavelength is 780 nm. A focal length f of the coupling lens 
812 is 16.14 mm. 
[0313] TABLE 31 
Malli -0.1929 
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Mrep 

MqBLI 

Design Wavelength 
Design NA 



16 . 12 mm 
-0.0725 
-0.0749 

780nm 
0.51 



Surface No. 


r 


d 


n 


V 


#0 




9.28 






#1 


33.670 


1.20 


1.544 


55.7 


#2 


-11.500 


1.03 






#3 




4.00 


1.516 


64.2 


#4 




4.20 






#5(h<1.30) 


1.464 


1.40 


1.544 


55.7 


#5(112:1.30) 


1.497 


1.40 


1.544 


55.7 


#6 


-6.000 


0.98 






#7 




1.20 


1.585 


29.9 


#8 











[0314] In Table 31, #1 and #2 denote a front surface 
812a (a light source side) and a rear surface 812b (an 
optical disc side) of the coupling lens 812. The other 
symbols in Table 31 have the same meanings as those shown 
in Table 1 . 

[0315] The inner area of the front surface (#5) of the 
objective lens 16 is a continuous surface having no 
diffracting structure. The outer area of the front surface 
(#5) of the objective lens 16 has a diffracting structure. 
[0316] The front surface 812a (#1) of the coupling lens 
812, the rear surface 812b (#2) of the coupling lens 812, 
the front surface (#5) of the objective lens 16 and the 
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rear surface (#6) of the objective lens 16 are 
rot ationally- symmetrical aspherical surfaces. 
[0317] The conical coefficient and the aspherical 
coefficients of the front surface 812a (#1) of the coupling 
lens 812, the rear surface 812b (#2) of the coupling lens 
812, the front surface (#5) of the objective lens 16 and 
the rear surface (#6) of the objective lens 16 are 
indicated in Table 15. 



[0318] TABLE 32 



Surface 




#1 




#2 


#5 


(h<1.30) 


#5 


(hal.30) 


No. 


















K 




0.0000 




0.0000 




-0.5000 




-0.5000 


AO 4 


6 


.O0O0E-03 


5 


. 2000E-03 


-6 


.4900E-04 


1. 


1767E-02 


AO 6 


0 


.OOO0E+00 


2 


.3000E-04 


9 


. 6020E-04 


-3. 


1890E-03 


AO 8 


0 


.0000E+00 


-1 


. OOOOE-04 


-8 


.3440E-04 


3. 


0700E-04 


A10 


0 


.0000E+00 


0 


.0000E+00 


5 


.9340E-04 


-6. 


0900E-05 


A12 


0 


.OOOOE+00 


0 


.0O00E+O0 


-2 


. 9380E-04 


-1. 


8560E-04 


Surface 




#6 














No. 


















K 




0.0000 














AO 4 


3 


•4870E-02 














AO 6 


-5 


•6500E-03 














AO 8 


-4 


.9590E-03 














A10 


2 


.5000E-03 














A12 


-3 


.7200E-04 















[0319] In the optical system OP81, the coupling lens 812 
has an aspheric amount of the front surface 812a (#1) of 
4.79 [Jim at a maximum effective diameter of the front 
surface 812a, and has an aspheric amount of the rear 
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surface 812b (#2) of 4.78 [xm at a maximum effective 
diameter of the rear surface 812b. 

[0320] Table 33 shows values of the coefficients of the 
optical path difference function <E>(h) applied to the outer 
area of front surface (#5) of the objective lens 16. 
[0321] TABLE 33 



Surface 


#5 (h&1.30) 


No. 


(outer area) 


P02 


-6.2640E+00 


P04 


9 . 4800E+00 


P06 


-3.4100E+00 



[0322] Table 34 shows a numerical structure of the 

optical system OP82 according to the eighth embodiment. In 

Table 34, Mall 2 represents a magnification of the entire 

optical system OP82, and Mqblz represents a magnification of 

the objective lens 16 in the optical system OP82. In the 

optical system OP82, a design NA on the image side of the 

objective lens 16 is 0.65. and a design wavelength is 650 

nm. A focal length f of the coupling lens 814 is 15.94 mm. 

[0323] TABLE 34 

Mall 2 -0.1462 

f 15.94 mm 

MoBL2 0.0000 

Design Wavelength 650 nm 

Design NA 0.65 

Surface No. r d n v 
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#0 

#1 

#2 
#3 
#4 

#5(h<1.30) 
#5(hal.30) 

#6 

#7 

#8 



33.670 
-11.500 



1.464 
1.497 
6.000 



15.41 
1.20 



00 
00 
00 
40 
40 
1.17 
0.60 



1.544 

1.516 

1.544 
1.544 

1.585 



55.7 

64 .2 

55 . 7 
55.7 

29.9 



[0324] The front surface 814a (#1) of the coupling lens 
814 is a spherical surface. The rear surface 814b (#2) of 
the coupling lens 814 is an aspherical surface. The conical 
coefficient and the aspherical coefficients of the rear 
surface 814b (#2) of the coupling lens 814 are indicated in 
Table 35. 

[0325] TABLE 35 



Surface 
No. 




#2 


K 




0.0000 


AO 4 


1. 


1350E-04 


AO 6 


6. 


2670E-07 


AO 8 


1. 


5430E-09 


A10 


0. 


0000E+OO 


A12 


0. 


0000E+00 


[0326] 


The 


coupling 



condition: 

-1.0 < (Ra+Rb)/(Ra-Rb) < 7.0 ••• (6) 

where Ra represents a radius of curvature of the front 
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surface 812a of the coupling lens 812 , and Rb represents a 
radius of curvature of the rear surface 812b of the 
coupling lens 812. 

[0327] By satisfying the condition (6), a coma caused by 
a shift of the coupling lens 812 can be canceled by a coma 
which the objective lens 16 generates when off-axis light 
is incident on the objective lens 16 due to the shift of 
the coupling lens 812. 

[0328] Further, the coupling lens 812 and the objective 
lens 16 are configured to satisfy the aobove mentioned 
condition (5) and a condition (7): 

0.15 < (-Rb/f) x (Mobli/Mref) 4 < 0.55 (7). 
[0329] By satisfying the conditions (5) and (7), the 
coma caused by the shift of the coupling lens 812 is 
effectively suppressed even if the absolute value of the 
magnification Mobli is set greater than the absolute value 
of the magnification Mref- 

[0330] In this embodiment, since (Ra+Rb) / (Ra-rRb) = 0.491, 
(-Rb/f) x (Mobli/Mref) 4 = 0.811, and Mobli/Mref = 1.03, the 
conditions (5) -(7) are satisfied. 

[0331] Similarly to the abovementioned embodiments, the 
optical system OP81 is configured such that the spherical 
aberration given by the coupling lens 812 to the diverging 
beam Incident on the objective lens 16 and the spherical 
aberration caused by the objective lens 16 and the cover 
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layer of the optical disc Dl cancel each other. Fig. 38 is 
a graph illustrating the spherical aberration caused by the 
coupling lens 812. 

[0332] Fig. 39 is a graph illustrating the amounts of 
aberrations caused in the entire optical system OP81 with 
respect to a shift amount of the coupling lens 812. As can 
be seen from Fig. 39, the comas of low through high -orders 
are effectively suppressed. For example, the coma of third 
order takes a value of 0.044 at a coupling lens shift 
amount of 0.100. That is, the amount of coma of third order 
is reduced to 85% of the amount of coma of third order the 
fifth embodiment shown in Fig. 25. 

[0333] By satisfying the condition (5), the spherical 
aberration caused by the objective lens 16 and the cover 
layer of the optical disc Dl is set in the undercorrected 
direction. Fig. 40 shows a graph illustrating the total 
spherical aberration in the optical system OP81. Since as 
described above the coupling lens 812 causes the spherical 
aberration shown in Fig. 38, the total spherical aberration 
in the optical system OP81 can be reduced sufficiently as 
shown in Fig. 40. 

[0334] Since, according to numerical data shown in 
Tables 32 and 34, the optical system 800 of the eighth 
embodiment satisfies the conditions (1) and (2) as well as 
the condition ( 5 ) . the difference between the working 
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distances of the DVD and the CD can be lowered sufficiently. 
A sufficient working distance is secured for the optical 
disc having a relatively thick cover layer as well as the 
optical disc having a relatively thin cover layer. 
[0335] The optical system 800 is configured to suppress 
a coma caused when the objective lens 16 is laterally 
shifted for the tracking operation. Since a configuration 
for suppressing the coma caused by the lateral shift of the 
objective lens 16 is substantially the same as that of the 
first embodiment, an explanation thereof is not repeated. 
[0336] Similarly to Fig. 22 of the fourth embodiment. 
Fig. 41 is a graph illustrating the amounts of aberrations 
caused in the entire optical system OP81 with respect to a 
shift amount of the objective lens 16. As can be seen from 
the comparison between Fig. 41 and Fig. 23, the total 
aberration of the eighth embodiment is suppressed to less 
than the total aberration of the conventional optical 
system of the optical pick-up. 

[0337] For example, the coma of third order takes a 
value of 0.084 at an objective lens shift amount of. 0.4. 
That is, the amount of coma of third order is reduced to 
85% of the amount of coma of third order of the 
conventional optical system shown in Fig. 23. 
[0338] It should be noted that when the objective lens 
16 laterally shifts due to the tracking operation in the 
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optical system OP82, no additional aberration is caused 
because the beam incident on the objective lens 16 is the 
collimated beam. 

[0339] Although the present invention has been described 
in considerable detail with reference, to certain preferred 
embodiments thereof, other embodiments are possible. 
[0340] For example, by decreasing the amount the 
spherical aberration given by the coupling lens 12 of the 
first embodiment, the first embodiment can also attain an 
advantage that the both of the coma and the astigmatism can 
be reduced to a practically allowable level as in the case 
of the third embodiment. 

[0341] In the above mentioned fourth through seventh 
embodiments, the optical system is configured to satisfy 
all of the conditions (3) -(5) to reduce the coma caused by 
the coupling lens shift. However, by satisfying at least 
the condition (3), the optical system can attain the 
advantage that the coma caused by the coupling lens shift 
is corrected as in the case of the fourth through seventh 
embodiments . 

[0342] The present disclosure relates to the subject 
matters contained in Japanese Patent Applications No. 
P2003-013244, filed on January 22, 2003, and P2003-077279 , 
filed on March 20, 2003 which are expressly incorporated 
herein by reference in their entireties. 
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